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Description 

This invention relates to reshaped antibodies suitable for use in the treatment of human beings or 
animals. 

5 Antibodies, or immunoglobulins, comprise two heavy chains linked together by disulphide bonds and 
two light chains, each light chain being linked to a respective heavy chain by disulphide bonds. The general 
structure of an antibody of class IgG (i.e. an immunoglobulin (Ig) of class gamma (G)) is shown 
schematically in Figure 1 of the accompanying drawings. 

Each heavy chain has at one end a variable domain followed by a number of constant domains. Each 

w light chain has a variable domain at one end and a constant domain at its other end, the light chain variable 
domain being aligned with the variable domain of the heavy chain and the light chain constant domain 
being aligned with the first constant domain of the heavy chain. The constant domains in the light and 
heavy chains are not involved directly in binding the antibody to antigen. 

The variable domains of each pair of light and heavy chains form the antigen binding site. The domains 

75 on the light and heavy chains have the same general structure and each domain comprises four framework 
regions, whose sequences are relatively conserved, connected by three complementarity determining 
regions (herein after in the description referred to as CDRs) (see reference 11). The four framework regions 
largely adopt a beta-sheet conformation and the CDRs form loops connecting, and in some cases forming 
part of, the beta-sheet structure. 

20 The CDRs are held in close proximity by the framework regions and, with the CDRs from the other 
domain, contribute to the formation of the antigen binding site. 

According to the present invention an antibody with affinity for the antigen Campath-1 has at least one 
CDR which is foreign with respect to the constant region of the antibody, said at least one foreign CDR 
being selected from CDRs which are substantially as identified in Figure 2, that is residues 31 to 35, 50 to 

25 65 and 95 to 102 of the heavy chain as shown in Figure 2a and residues 24 to 34, 50 to 56 and 89 to 97 of 
the light chain as shown in Figure 2b, the antibody being capable of binding effectively to the antigen 
Campath-1. 

The term "foreign" is used in relation to the CDR(s) and constant region, i.e. the heavy and light chain 
constant domains, to mean of different origin. 
30 In Figure 2 and elsewhere in the specification amino acid residues are identified by the conventionally 
used one letter symbols, as follows: 





Amino Acid 


One-letter 


35 




symbol 




Alanine 


A 




Arginine 


R 




Asparagine 


N 




Aspartic acid 


D 


40 


Asparagine or aspartic acid 


B 




Cysteine 


C 




Glutamine 


Q 




Glutamic acid 


E 




Glutamine or glutamic acid 


Z 


45 


Glycine 


G 




Histidine 


H 




Isoleucine 


I 




Leucine 


L 




Lysine 


K 


50 


Methionine 


M 




Phenylalanine 


F 




Proline 


P 




Serine 


S 




Threonine 


T 


55 


Tryptophan 


W 




Tyrosine 


Y 




Valine 


V 
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In this specification, effective antibody-antigen binding indicates that the antibody effects 50% binding 
to antigen at antibody concentrations of less than or equal to 70 ug/ml, preferably at concentrations of less 
than or equal to 7 ug/ml. Binding affinity may be tested by assay procedures such as are described in 
Example 1 herein, eg using Campath-1 antigen obtained from a glycolipid extract From human spleen. 
5 Thus, a standard procedure for the extraction of glycolipids can be applied to the extraction of the 
Campath-1 antigen from human spleens. This standard extraction procedure involves the treatment of 1 
volume of honogenised human spleen tissue with 3 volumes of water, 11 volumes of methanol and 5.4 
volumes of chloroform. After mixing, precipitated material is discarded and a further 3.5 volumes of water 
are added, followed by further mixing. The mixture is then allowed to separate into two phases, the lower 
10 chloroform-containing phase is discarded and the upper aqueous phase is concentrated to provide a crude 
extract of the Campath-1 antigen, which can if desired be purified further by affinity chromatography, for 
example using the YTH66.9 antibody referred to hereinafter. 

The antibody of the present invention desirably has a light chain with at least one CDR selected from 
CDRs substantially as identified in Figure 2 and a heavy chain with at least one CDR selected from CDRs 
75 substantially as identified in Figure 2. 

As a further possibility, the antibody of the present invention preferably has three heavy chain CDRs 
substantially as identified in Figure 2, or three light chain CDRs substantially as identified in Figure 2. More 
preferably, the antibody has all six heavy and light chain CDRs substantially as identified in Figure 2. 

Hence, in a preferred aspect of the present invention an antibody with affinity for the antigen Campath-1 
20 has heavy and light chain CDRs which are foreign with respect to tie constant region of the antibody, said 
CDRs being substantially as identified in Figure 2, that is residues 31 to 35, 50 to 65 and 95 to 102 of the 
heavy chain as shown in Figure 2a and residues 24 to 34, 50 to 56 and 89 to 97 of the light chain as shown 
in Figure 2b, the antibody being capable of binding effectively to the antigen Campath-1 . 

The CDRs identified in Figure 2 are of rat origin and may be combined with a range of different variable 
25 domain framework regions, as desired, including, eg, framework regions of rat or human origin. 

In a further aspect of the present invention an antibody with affinity for the antigen Campath-1 has 
heavy and light chain variable domains as identified in the lower lines of sequence information in Figure 2, 
that is residues 1 to 113 of the heavy chain and residues 1 to 108 of the light chain, the CDRs and constant 
region of the antibody being foreign with respect to one another, the antibody being capable of binding 
30 effectively to the antigen Campath-1 . 

Such an antibody comprises CDRs and framework regions of rat origin. 

The invention also includes an antibody with affinity for the antigen Campath-1 which has heavy and 
light chain variable domains as identified in the upper lines of sequence information in Figure 2, that is 
residues 1 to 1 13 of the heavy chain and residues 1 to 108 of the light chain, and that will bind effectively to 
35 the antigen Campath-1. Such an antibody comprises CDRs of rat origin in framework regions of human 
origin. 

Although still being of human origin, framework regions may nevertheless be modified from those which 
occur in the human. Thus, an antibody having heavy and light chain variable domains as identified in the 
upper lines of sequence information in Figure 2 may be modified by having a phenylalanine group at 

40 residue 27 of the heavy chain in place of serine, and possibly also by having a threonine group at residue 
30 of the heavy chain in place of serine. A Ser(27) to Phe mutation is Found to increase antibody-antigen 
binding significantly. However, the mutation of Ser (30) to Thr (in the human framework with the Ser (27) to 
Phe mutation) has little effect on binding affinity. This illustrated that point mutations in the antibody may 
have a major effect or little effect on the affinity of the antibody for the antigen. Although the two changes 

45 Ser (27) to Phe and Ser (30) to Thr are located within the framework region as defined in reference 1 1 , they 
lie within the hypervariable loop H1 as defined in reference 18. It is accordingly believed that some some 
changes in the CDRs may similarly be made without necessarily having an adverse effect on antibody- 
antigen affinity. References to CDRs substantially as identified in Figure 2 are accordingly intended to 
include within their scope not only CDRs identical to those identified in Figure 2 but also variants of such 

so CDRs, subject to the requirement of the antibody binding effectively to Campath-1. 

The antibody is preferably in biologically pure form, desirably being at least 95% (by wt) free of other 
biological materials. 

The remainder of the antibody, namely the heavy and light chain constant domains and possibly also 
variable domain framework regions and one or more CDRs, can be based on antibodies of various different 
55 types as desired including, eg, rat and human antibodies of different classes. Thus, the constant domains 
can be selected to have desired effector functions appropriate to the intended use of the antibody. For 
example, for therapeutic purposes, human lgG1 and rat lgG2b are currently favoured isotypes. Further, of 
the human IgG isotypes, lgG1 and lgG3 appear to be the most effective for complement and cell mediated 
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lysis, and therefore for killing tumour cells. For other purposes other isotypes may be favoured, eg, rat IgM, 
lgG1, lgG2a, lgG2c, human lgG2, lgG4 etc. For human therapy it is particularly desirable to use human 
isotypes, to minimise antiglobulin responses during therapy. 

The Campath-1 antigen is strongly expressed on virtually all human lymphocytes and monocytes, but is 

5 absent from other blood cells including the hemopoietic stem cells, the antigen being described by Hale et 
al in Blood, 1983, 62, 873-882 (reference 6). That paper describes the antibody YTH66.9 which is specific 
for the Campath-1 "antigen, this antibody being available from Serotec of 22 Bankstde, Station Approach, 
Kidlington, Oxford, England, under the designation YTH 66.9 HL. A further series of antibodies to Campath- 
1 has been produced, including rat monoclonal antibodies of IgM, lgG2a, and lgG2c isotypes (reference 7) 

70 and more recently lgG1 and lgG2b isotypes have been isolated as class switch variants from the lgG2a 
secreting cell line YTH 34.5HL (reference 8). All of these antibodies with the exception of the rat lgG2c 
isotype are able efficiently to lyse human lymphocytes with human complement. 

In addition, the lgG2b antibody YTH 34.5HL-G2b, but not the other isotypes, is effective in antibody 
dependent cell mediated cytotoxicity (ADCC) with human effector cells (reference 8). These rat monoclonal 

15 antibodies have found important application in the context of immunosuppression, for control of graft- 
versus-host disease in bone narrow transplantation (reference 6); the management of organ rejection 
(reference 9); the prevention of marrow rejection and in the treatment of various lymphoid malignancies 
(reference 10). For in-vivo use, the lgG2b antibody YTH 34. 5HL-G2b seems to be the most effective at 
depleting lymphocytes, but the use of any of the antibodies in this group is limited by the antiglobulin 

20 response which can occur within two weeks of the initiation of treatment (reference 10). 

Antibodies in accordance with the invention, particularly those based on human isotypes, thus have 
good therapeutic potential. In particular, the availabitity of a reshaped human antibody with specificity for 
the Campath-1 antigen should permit a full analysis of the in vivo potency and immunogenicity of an anti- 
lymphocyte antibody with wide therapeutic potential. Such reshaped antibodies have been used in the 

25 treatment of patients with non-Hodgkin lymphoma, as well as in the treatment of some cases of 
autoimmune disease. Further trials with organ graft patients, particularly kidney graft patients, are proposed. 
Even if anti-idiotypic responses are eventually observed, considerable therapeutic benefit could be derived 
by an extended course of treatment. In addition an antiglobulin response restricted to idiotype should be 
circumvented by using a series of antibodies with different idiotype (reference 20). In principle, the idiotype 

30 of the reshaped Campath-1 could be changed by altering the hypervariable regions or the framework 
regions: evidence From a reshaped antibody specific for the hapten nitrophenyl acetate suggests that the 
recognition by anti-idiotypic antisera and anti-idiotypic monoclonal antibodies is influenced by residues in 
the framework region (reference 5). Thus recycling the hypervariable regions on different human framework 
regions should change the idiotype, although ultimately it could focus the response directly onto the binding 

35 site for Campath-1 antigen. Although such focussing would be undesirable for Campath-1 antibodies, it 
could be an advantage for the development of anti-idiotypic vaccines. 

In a further aspect, the invention thus includes the use of an antibody or a fragment thereof as 
described herein in the manufacture of a medicament for use in treating patients, particularly humans, with 
cancers, particularly lymphomas, or for immunosuppression purposes. 

40 Antibodies in accordance with the present invention may be formulated for administration to patients by 
mixing the antibody purified in conventional manner with a physiologically acceptable diluent or carrier, 
possibly in admixture with other therapeutic agents such as other antibodies. In one example, purified 
antibody was reconstituted in a commercially available human plasma protein solution (minus gamma 
globulin). The formulation was administered by intravenous infusion at the rate of 5 mg antibody per day for 

45 at least 10 days. 

Antibodies in accordance with the invention can be produced in various different ways, as will be 
described in greater detail in the following Examples. 

Heavy and light chain variable domains are conveniently produced separately and assembled with the 
remainder of an antibody of desired origin, eg desired human isotype. 

50 Genes encoding the variable domains of an antibody of desired structure may be produced, and 
attached to genes encoding the constant domains of of an antibody of desired isotype. Genes encoding 
variable domains can be derived from hybridoma cDNA or from the chromosome. Genes encoding the 
variable domains are also conveniently constructed by gene synthesis techniques or by site directed 
mutagenesis using long synthetic oligonucleotides. Expression is conveniently effected by transforming a 

55 cell lin , eg an immortalised mammalian cell line such as a myeloma cell line, with expression vectors 
including DNA coding for the variable domains and for the remainder of the antibody and culturing the 
transformed cell line to produce the desired antibody. 
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In another aspect of the invention a process for the preparation of an an antibody with affinity for the 
antigen Campath-1 having at least one CDR which is foreign with respect of the constant region of the 
antibody, said at least one foreign CDR being selected from CDRs substantially as identified in Figure 2, 
that is amino acid residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Figure 2a, and 

s amino acid residues 24 to 34, 50 to 56 and 89 to 97 of the light chain as shown in Figure 2b, the antibody 
being capable of binding effectively to the antigen Campath-1, comprises culturing cells capable of 
expressing the antibody in order to effect expression thereof. 

It will be appreciated that instead of the whole antibody a fragment thereof may be used which retains 
the CDRs but lacks other parts of the whole molecule not essential to its binding efficacy, particularly a F- 

70 (ab') 2 fragment, and such fragments retaining the binding capability of the antibody are included by the 
present invention. 

The invention will be further described, by way of illustration, in the following Examples which refer to 
the accompanying drawings, in which: 

Figure 1 is a schematic diagram illustrating the structure of an IgG molecule: 
15 Figure 2 illustrates nucleic acid and amino acid sequences of the variable domains of antibodies in 
accordance with the invention, with Figure 2a representing the heavy chain and Figure 2b representing 
the light chain. The upper line of the Figure gives sequence information for the reshaped antibody 
containing framework regions of human origin, with the lower line giving sequence information for rat 
YTH 34.5HL antibody: 

20 Figure 3 illustrates the sequence of the HuVLLYS 0 gene and derived amino acid sequence; 
Figure 4 illustrates the sequence of the HuVLLYS gene and derived amino acid sequence; 
Figure 5 illustrates a strategy for producing a reshaped human antibody having rat CDRs; 
Figure 6 illustrate loop Phe 27 to Tyr 35 in the heavy chain variable domain of the human myeloma 
protein KOL; 

25 Figure 7 illustrates the results of complement lysis and ADCC for various antibodies; 

Figure 8 illustrates the results of complement lysis and ADCC of various further antibodies; 

Figure 9 shows the effect of CAMPATH-1 H on blood counts in a patient (patient 1), with solid triangles 

showing results for lymphocytes and empty triangles results for neutrophils; 

Figure 10 shows the cytology of bone marrow cells from two (patients 1 and 2) patients treated with 
30 CAMPATH-1 H: 

A = patient 1 trephine before treatment with CAMPATH-1 H 
B = patient 1 trephine on day 43 (ie 16 days after treatment) 
C = patient 2 aspirate before treatment with CAMPATH-1 H 
D = patient 2 aspirate on day 78 (ie 35 days after treatment); 
35 Figure 11 shows computed tomography scans from patients 1 and 2, showing affected spleens and 
lymphonode: 

A = patient 1 before treatment with CAMPATH-1 H 
B = patient 1 on day 57 

C = patient 2 before treatment with CAMPATH-1 H (retrocrural node arrowed) 
40 D = patient 2 on day 51; and 

Figure 12 shows the effect of CAMPATH-1 H on blood counts in patient 2, with solid triangles showing 
results for lymphocytes and empty triangles results for neutrophils. 



Example 1 

45 

The sequences of the heavy and light chain variable domains of rat lgG2a Campath-1 antibody YTH 
34.5HL were determined by cloning the cDNA (Figure 2), and the hypervariable regions were identified 
according to Kabat (see reference 11). Sequence information is given in the lower lines of Figure 2, with the 
CDRs identified in boxes. 

so In the heavy chain variable domain there is an unusual feature in the framework region. In most known 
heavy chan sequences Pro(41) and Leu(45) are highly conserved: Pro(41) helps turn a loop distant from the 
antigen binding site and Leu(45) is in the beta bulge which forms part of the conserved packing between 
heavy and light chain variable domains (reference 12). In YTH 34.5HL these residues are replaced by Ala- 
(41) and Pro(45), and presumably this could have some effect on the packing of the heavy and light chain 

55 variable domains. 

Working at the level of the gene and using three large mutagenic oligonucleotides for each variable 
domain, in a single step the hypervariable regions of YTH 34.5HL were mounted on human heavy or light 
chain framework regions taken from the crystallographically solved proteins NEW for the heavy chain 
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(reference 13) and from a protein based closely on the human myeloma protein REI for the light chain 
(reference 14). The NEW light chain was not used because there is a deletion at the beginning of the third 
framework region of the NEW light chain. The resulting reshaped heavy chain variable domain HuVHCAMP 
is based on the HuVHNP gene (references 1, 5) with the framework regions of human NEW alternating with 
5 the hypervariable regions of rat YTH 34.5HL. There are discrepancies involving the first framework region 
and the first hypervariable loop of the NEW heavy chain between the published sequence used here and 
the sequence deposited in the Brookhaven data base (in parentheses): Ser27 (to Thr), Thr28 (to Ser) and 
Ser30 (to Asp). Neither version is definitive and the discrepancies do not affect present considerations. The 
reshaped light chain variable domain HuVLCAMP is a similar construct, except with essentially the 
io framework regions of the human myeloma protein REI, with the C-terminal and the 3' non-coding sequence 
taken from a human J k -region sequence (reference 22). Sequence information for the variable domain of the 
reshaped antibody is given in the upper lines in Figure 2. The sequences of oligonucleotide primers are 
given and their locations on the genes are also marked in Figure 2. 

Considering the above in further detail, mRNA was purified (reference 23) from the hybridoma clone 
75 YTH 34.5HL (gamma 2a, k b ), and first strand cDNA made by priming with oligonucleotides complementary 
to the 5' end of the CH1 (oligonucleotide I) and the Ck exons (oligonucleotide II). cDNA was cloned and 
sequenced as described in references 24 and 25. 

For expression of the rat heavy chain variable domain RaVHCAMP, two restriction sites (Xbal and Sail) 
were introduced at each end of the cDNA clone in M13 using mutagenic oligonucleotides III and V 
20 respectively, and the Xbal-Sall fragment excised. Simultaneously, the corresponding sites were introduced 
into the M13-HuVHNP gene using oligonucleotides IV and VI, and the region between the sites exchanged. 
The sequence at the junctions was corrected with oligonucleotides VII and VIII, and an internal BamHI site 
removed using the oligonucleotide IX, to create the M1 3- RaVHCAMP gene. The encoded sequence of the 
mature domain is thus identical to that of YTH 34.5HL 
25 The reshaped heavy chain variable domain (HuVHCAMP) was constructed in an M13 vector by priming 
with three long oligonucleotides simultaneously on the single strand containing the M13-HuVHNP gene 
(references 1, 5). The mutagenesis techniques used were similar to those described in reference 33, using 
the host 71-18 mutL and without imposing strand selection. Each oligonucleotide (X, XI and XII) was 
designed to replace each of the hypervariable regions with the corresponding region from the heavy chain 
30 of the YTH 34.5HL antibody. 

Colony blots were probed initially with the oligonucleotide X and hybridisation positives were sequen- 
ced: the overall yield of the triple mutant was 5%. Ser27 to Phe and Ser27 to Phe, Ser30 to Thr mutants (to 
be described below) of M13mp8-HuVHCAMP were made with the mixed oligonucleotide XIII. 

The reshaped light chain variable domain (HuVLCAMP) was constructed in an M13 vector from a gene 
35 with framework regions based on human REI. As above, three long oligonucleotides (XIV, XV, and XVI) were 
used to introduce the hypervariable regions of the YTH 34.5HL light chain. 

Construction of the humanised light chain variable domain is described in greater detail in the following 
seven paragraphs. 

(1) The "humanised" light chain variable domain (HuVLCAMP) was constructed in three stages, utilising 
40 a "humanised" light chain variable domain (HuVLLYS) which had been constructed for other purposes. 

(a) The first stage involved the gene synthesis of a "humanised" light chain variable domain gene 
(HuVLLYS*). The HuVLLYS* gene incorporates human framework regions identical to the most 
common residue in each position in the Kabat alignment of the human kappa subgroup I, except for 
residues 97-108, which were identical to those in the human J1 fragment described in reference 34. 

45 The sequences of the framework regions are very similar to the crystallographically solved light chain 

structure REI. The CDRs in HuVLLY's were identical to those in the mouse antilysozyme antibody 
(DI.3) light chain (unpublished). A 30 bp sequence, identical to the sequence following the genomic Jl 
segment, was introduced to the 3' side of residue 108. BamHI and EcoRI restriction sites were 
introduced at the 3' end of the synthetic gene, and a Pstl site at the 5' end. The gene synthesis of 

50 HuVLLYS • is described in paragraphs (2) to (5) below, and the sequence of the gene and the derived 

amino acid sequence is given in Figure 3. 

(b) The second stage involved the introduction of the HuVLLYS 0 gene in place of the heavy chain 
variable domain in the vector M13-MOVHNP and this is described in pargraphs 6 and 7 below. Thus 
the light chain variable domain utilises the promoter and signal sequence of a heavy chain variable 

55 domain: at the 3' end of the gene the sequence is derived from the human light chain J1 segment as 

described in paragraph (1a). The sequence of the HuVLLYS gene and the derived amino acid 
sequence is given in Figure 4. 
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(c) The third stage involved the conversion of HuVLLYS to a "humanised" light chain variable domain 
with the CDRs of Campath-1 specificity. 

2. For the synthesis of the HuVLLYS * gene, three blocks of oligonucleotides (PK1-5, KK1-5 and KE1-8 in 
the table in paragraph 3 below were cloned separately into M13 vectors, and sequenced. Each cloned 
block was excised and ligated together into M13mp19 to create the HuVLLYS* gene. 

3. Oligonucleotides listed below were produced on an Applied Biosystems 380B synthesizer. Each 
oligonucleotide was size-purified, 10 nmol being subjected to electrophoresis on a 20 x 40 cm 12% 
poly aery lamide, 7M urea gel, eluted from the gel by dialysis against water, and lyophilized. For gene 
synthesis or mutagenesis, a 50 pmol aliquot of each purified oligonucleotide was phosphorylated in a 20 
Hi reaction mixture with 50mM Tris-CI (pH 8.0), 10mM MgCI 2 , 5mM dithiothreitol, 1 mM ATP, and 5 units 
of polynucleotide kinase, incubated at 37* for 30 minutes. When used as hybridization probes, gel- 
purified oligonucleotides were phosphorylated in a similar fashion, except on a 15 pmol scale with an 
excess of 32 P labeled ATP. 



name sequence ( 5 f -3 1 ) 

PK1 GACATCCAGATGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCGTGGGT 
PK2 GACAGAGTGACCATCACCTGTAGAGCCAGCGGTAACATCCACAACTAC 
CTGGCTTGGTAC 

PK3 CAAGCCAGGTAGTTGTGGATGTTACCGCTGGCTCTACAGGTGAT 
PK4 GGTCACTCTGTCACCCACGCTGGCGCTCAGGCT 
PK5 GC TTGG GC TC TGGG TC ATC TGG ATG TC TGC A 

KKl CAGCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTACTACACCACC 
A 

KK2 CCCTGGCTGACGGTGTGCCAAGCAGATTCAGCGGTAGCGGTAGCGGTA 
C 

KK3 C GC TACC GC T AC C GC TG AATC TGC T 

KK4 TGGCACACCGTCAGCCAGGGTGGTGGTGTAGTAGATCAGC 
KK5 AGC TTTGG AGC C TT ACC TGGC TTC TGC TGGTAC 

KEl CGACTTCACCTTCACCATCAGCAGCCTCCAGCCAGAGGACATCGCCAC 
C T AC T AC TG C C 

KE2 AGCACTTCTGGAGCACCCCAAGGACGTTCGGCCAAGGGACCAAGGTGG 
A 

KE3 AATCAAACGTGAGTAGAATTTAAACTTTGCTTCCTCAGTTGGATCCTA 
Cr 
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5 



KE4 



KE5 



KE7 



KE6 



KE8 



AATTCTAGG ATCC AAC TG AGGAAGC AAAGTTTAAA 
TTC T AC TC AC GTTTG ATTTC C AC C TTGGTCC C TT 
GGCCGAACGTCCTTGGGGTGCTCCAGAAGTGCTGGCAGTAGTAG 
GTGGC G ATGTCC TC TGGC TGG AGGC T 
GCTGATGGTGAAGGTGAAGTCGGTAC 



10 



PKO 



TCATCTGGATGTCGGAGTGGACACCT 



4. The construction of individual blocks is described for the PK1-5 block, but KK1-5 and KE1-8 blocks 
were cloned as Kpnl-Kpnl and Kpnl-EcoRI fragments respectively In a similar way. 4ul portions of each 

15 oligonucleotide PK1, PK2, PK3, PK4 and PK5, kinased as in paragraph 3, were combined and annealed 
at 80 * C for 5 minutes, 67 • C for 30 minutes, and allowed to cool to room temperature over the span of 
30 minutes, 0.1ul of this annealing mix was ligated with 20 ng of Pstl/Kpnl digested Ml3-mp19, in 10ul 
50mM Tris-CI (pH7.5), 10mM MgCI 2 , 10mM dithiothreitol, 1 mM ATP, 120 units T4 DNA ligase (Biolabs), 
and incubated 12 hours at 15 "C. The ligation mix was used to transfect competent E. coli strain BMH 

20 71-18, plated with BCIG and IPTG, and a clone containing the complete Pstl-Kpnl insert was identified. 

5. The three cloned blocks were excised from 10ug double-stranded replicative form of the thee M13 
vectors, by digestion with Pstl/Kpnl (block PK1-5), Kpnl (block KKI-5) and Kpnl/EcoRI (block KE1-8). The 
Inserts were separated from the vector by electrophoresis on a 20 x 20 cm 12% polyacrylamide gel, 
eluted from the gel slices with 0.5 M NhUOAc, 10 mM Mg (OAc) 2 , 0.1 mM EDTA, 0.1% SDS, and 

25 purified by phenol extraction and ethanol precipitation. All three fragments were ligated to Pstl/EcoRI cut 
M13-mp19. 200 white plaques were transferred by toothpick to a fresh 2xTY plate, and grown as a grid 
of infected colonies. The plate was blotted with nitrocellulose filters, which were then treated with 0.5 M 
NaOH, followed by 1M Tris-CI (pH7.5), and baked 1 hr at 80 *C under vacuum. The filters were washed 
at 67 *C in 3x Denhardt's solution, 2xSSC, 0.07% SDS, followed by 6xSSC at room temperature. Filters 

30 were then probed with the radiolabeled oligonucleotides KK3 or KK4 in 3ml of 6xSSC at 37 • . Following 
hybridization with both olignucleotides, positive colonies were picked for DNA sequencing. A phage 
clone containing correctly assembled blocks was designated M13-HuVLLYS*. 

6. To introduce the HuVLLYS • gene in place of the heavy chain variable domain in the vector M13- 
MOVHNP (described in reference 5) as MV NP with Hindll site at the 3' end of the reading frame), double- 

35 stranded replicative form DNA of phages M13-HuVLLYS* and M13-MOVHNP were prepared and 
digested with Pstl and BamHI. The insert of M13-HuVLLYS was isolated on a polyacrylamide gel, and 
the vector portion of M13-MOVHNP was isolated on an agarose gel. The purified fragments were ligated 
and transfected into E. coli strain BMH71-18, and the resulting plaques probed with oligonucleotide KK3 
to identify the insert. The clone was designated M 13- HuVLLYS*. 

40 7. In the M13-HuVLLYS* gene, to join the signal sequence of MOVHNP correctly to the 5' end of the 
HuVLLYS* gene (at the Pstl site), single stranded DNA was prepared and altered by oligonucleotide 
directed mutagenesis with the primer PKO- see paragraph (3) for sequence. The mutant clone was 
designated M13-HuVLLYS. 

The reshaped human heavy and light chain variable domains were then assembled with constant 
45 domains in three stages as illustrated in Figure 5. In Figure 5 sequences of rat origin are marked in black, 
and those of human origin in white. The recombinant heavy and light chains are also marked using a 
systematic nomenclature. 

The illustrated procedure permits a step-wise check on the reshaping of the heavy chain variable 
domain (stage 1), the selection of the human isotype (stage 2), and the reshaping of the light chain variable 

50 domain and assembly of human antibody (stage 3). The vector constructions were genomic, with the 
variable domains excised from the M13 vectors and cloned as Hindlll-BamHI fragments and the constant 
domains as BamHI-BamHI fragments in either pSVgpt (heavy chain) (reference 15) or pSVneo (light chain) 
(reference 16) vectors. The heavy chain enhancer was included to the 5' side of the variable domain.and 
expression of both light and heavy chains was driven from heavy chain promoter and the heavy chain signal 

55 sequence. 

The human gamma 1 (reference 26), gamma 2 (reference 27), gamma 3 (reference 28), gamma 4 
(reference 21) and K (reference 22) constant domains, and the rat gamma 2b (reference 29) constant 
domains were introduced as BamHI-BamHI fragments. The following plasmids were constructed and 
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transfected into lymphoid cell lines by electroporation (reference 30). In stage 1, the pSVgpt vectors 
HuVHCAMP-RalgG2B, and also two mutants for reasons to be explained below, HuVHCAMP(Ser27 to Phe)- 
RalgG2B, HuVHCAMP(Ser27 to Phe, Ser30 to Thr)-RalgG2B) were introduced into the heavy chain loss 
variant of YTH34.5HL In stage 2, the pSVgpt vectors RaVHCAMP-RalgG2B, RaVHCAMP-HulgGl , 
RaVHCAMP-HuigG2, RaVHCAMP-HulgG3, RaVHCAMP-HulgG4 were transfected as described above. In 
stage 3, the pSVgpt vector Hu(Ser27-Phe, Ser30-Thr)VHCAMP-HulgG1 was cotransfected with the pSV-neo 
vector HuVLCAMP-HulgK into the rat myeloma cell line Y0 (Y B2/3.0 Ag 20) (ref. 17). In each of the three 
stages, clones resistant to mycophenolic acid were selected and screened for antibody production by 
ELISA assays. Clones secreting antibody were subcloned by limiting dilution (for Y0) or the soft agar 
method (for the loss variant) and assayed again before 1 litre growth in roller bottles. 

Heavy chain variable domain 

In stage 1, the reshaped heavy chain variable domain (HuVHCAMP) was attached to constant domains 
of the rat isotype lgG2b and transfected into a heavy chain loss variant of the YTH34.5 hybridoma. The loss 
variant carries two light chains, one derived from the Y3 fusion partner (reference 17). The cloned rat heavy 
chain variable domain (RaVHCAMP) was also expressed as above. 

Antibodies were harvested at stationary phase and concentrated by precipitation with ammonium 
sulphate, followed by ion exchange chromatography on a Pharmacia MonoQ column. The yields of antibody 
were measured by an ELISA assay directed against the rat lgG2b isotype, and each adjusted to the same 
concentration (reference 21). 

The HuVHCAMP and RaVHCAMP antibodies - all of the rat lgG2b isotype - were compared in a direct 
binding assay to the Campath-1 antigen (obtained from a glycolipid extract from human spleen), and also in 
complement lysis of human lymphocytes. For measuring the binding to antigen, the partially purified 
Campath-1 antigen was coated onto microtitre wells. Bound antibody was detected via a biotin labelled anti- 
rat lgG2b monoclonal antibody (reference 21), developed with a streptavidin-peroxidase conjugate 
(Amersham pic). Complement lysis of human lymphocytes with human serum as the complement source 
was as described in reference 7. For both binding and complement assays, the titres for the antibodies 
were determined by fitting the data to a sigmoid curve by a least squares iterative procedure (reference 7), 
and the concentration of antibody giving 50% maximal binding or lysis was noted. 

The results are given in Table 1. 



Table 1 


Reshaping the heavy chain variable domain 




Concentration of antibody in ug/ml at 50% binding or lysis 


heavy chain variable domain 


antigen binding 


complement lysis 


RaVHCAMP 
HuVHCAMP 

HuVHCAMP (Ser27 to Phe) 
HuVHCAMP (Ser27 to Phe,Ser30 to Thr) 


0.7 
27.3 
1.8 
2.0 


2.1 
O 

16.3 
17.6 



O Complement lysis with the HuVHCAMP variable domain was too weak for the estimation of lysis 
titre. 



Compared with the original rat antibody, or the engineered equivalent, the antibody with the reshaped 
heavy chain domain HuVHCAMP bound poorly to the Campath-1 antigen and was weakly lytic. This 
suggested an error in the design of the reshaped domain. 

There are several assumptions underlying the transfer of hypervariable loops from one antibody to 
another, and in particular that the antigen binds mainly to the hypervariable regions. These are defined as 
regions of sequence (reference 11) or structural (reference 18) hypervariability, and the locations of 
hypervariable regions are similar by either criterion, except for the first hypervariable loop of the heavy 
chain. By sequence the first hypervariable loop extends from residues 31 to 35 (reference 11) and by 
structure from residues 26 to 32 (reference 18). Residues 29 and 30 to form part of the surface loop, and 
residue 27 which is phenylalanine or tyrosine in most sequences including YTH34.5HL, helps pack against 
residues 32 and 34. 
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By way of illustration, see Figure 6 which illustrates loop Phe27 to Tyr35 in the heavy chain variable 
domain of the human myeloma protein KOL which is crystallographically solved (reference 31). The 
backbone of the hypervariable region according to Kabat (reference 11) is highlighted, and a 200% van der 
Waal surface is thrown around Phe27 to show the interactions with Tyr32 and Met34 of the Kabat 

5 hypervariable region. In the rat YTH34.5HL heavy chain, these three side chains are conserved, but in 
HuVHCAMP, Phe27 is replaced by Ser: this is because, unlike most human heavy chains, in NEW the 
phenylalanine is replaced by serine, which would be unable to pack in the same way as phenylalanine. To 
restore the packing of the loop, a Ser(27) to Phe mutation was made in HuVHCAMP, and also a double 
mutation Ser(27) to Phe, Ser(30) to Thr (as mentioned above). 

to The two mutants showed a significant increase in binding to CAMPATH-1 antigen and lysed human 
lymphocytes with human complement. See the results given in Table 1 . Thus the affinity of the reshaped 
antibody could be restored by altering the packing between the hypervariable regions and the framework by 
a single Ser(27) to Phe mutation. This suggests that alterations in the "Kabat" framework region can 
enhance the affinity of the antibody, and extends previous work in which an engineered change in the 

is hypervariable region yielded an antibody with increased affinity (reference 19). 

Heavy chain constant domains 

In stage 2 (Figure 5), the rat heavy chain variable domain was attached to constant domains of the 
human isotypes lgG1, 2, 3, and 4, and transfected into the heavy chain loss variant of the YTH34.5 
hybridoma. 

Antibody was harvested from cells in stationary phase, concentrated by precipitation with ammonium 
sulphate and desalted into phosphate buffered saline (PBS). Antibodies bound to the Campath-1 antigen 
coated on microtitre plates, were assayed in ELISA directed against the rat k light chain (reference 21), and 
adjusted to the same concentration. The antibodies were assayed in complement lysis (as described above) 
and ADCC with activated human peripheral blood mononuclear cells (references 21, 32). Briefly, 5 x 10* 
human peripheral blood cells were labelled with 51 Cr and incubated for 30 minutes at room temperature with 
different concentrations of antibody. Excess antibody was removed and a 20 fold excess of activated cells 
added as effectors. After 4 hours at 37° C death was estimated by 51 Cr release. 

The results are shown in Figure 7, in which the results for rat heavy chain variable domain attached to 
different human isotypes are represented as follows: 
lgG1 empty squares 
lgG2 empty circles 
lgG3 solid squares 
lgG4 empty triangles 
Results of lysis with the antibody YTH34.5HL are represented by solid circles. 

In complement lysis (Figure 7a), the human lgG1 isotype proved similar to the YTH34.5HL-G2b, with 
the human lgG3 isotype less effective. The human lgG2 isotype was only weakly lytic and the lgG4 isotype 
non-lytic. In ADCC (Figure 7b) the human lgG1 was more lytic than the YTH34.5HL-G2b antibody. The 
decrease in lysis at higher concentration of the rat lgG2b and the human lgG1 antibody is due to an excess 
of antibody, which causes the lysis of effector cells. The human lgG3 antibody was weakly lytic, and the 
lgG2 and lgG4 isotypes were non-lytic. 

The human IgGl isotype was therefore suitable for a reshaped antibody for therapeutic use. Other 
recent work also suggests the lgG1 isotype as favoured for therapeutic application. When the effector 
functions of human isotypes were compared using a set of chimaeric antibodies with an anti-hapten variable 
domain, the lgG1 isotype appeared superior to the lgG3 in both complement and cell mediated lysis 
(reference 4). Furthermore, of two mouse chimaeric antibodies directed against cell surface antigens as 
tumour cell markers, with human IgGl or lgG3 isotypes, only the IgGl isotype mediated complement lysis 
(references 2, 3). 

Light chain 

In stage 3 (Figure 5), the reshaped heavy chain was completed, by attaching the reshaped HuVHCAMP 
(Ser27 to Phe, Ser30 to Thr) domain to the human lgG1 isotype. The reshaped light chain domain 
55 HuVHCAMP was attached to the human Ck domain. The two vectors were cotransfected into the non- 
secreting rat Y0 myeloma line. 

Antibody HuVHCAMP (Ser27 to Phe, Thr30 to Ser)-HulgG1, HuVLCAMP-HulgK was purified from 
supernatants of cells in stationary phase by affinity chromatography on protein A Sepharose. The antibody 
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was at least 95% (by wt) pure. The yield (about 10mg/l) was measured spectrophotometrically. Complement 
and ADCC assays were performed as described in connection with Figure 7. 

The results are shown in Figure 8, in which the results are reshaped human antibodies are represented 
by squares and those for rat YTH34.5HL antibodies are represented by solid circles. 

5 The purified antibody proved almost identical to the YTH34.5HL-G2b antibody in complement lysis 
(Figure 8a). In cell mediated lysis the reshaped human antibody was more reactive than the rat antibody 
(Figure 8b). Similar results to the ones in Figure 8b were obtained with three different donors of target and 
effector cells (data not shown). Furthermore the antibody was as effective as YTH34.5HL-G2b in killing 
leukaemic cells from three patients with B Cell lymphocytic leukaemia by complement mediated lysis with 

10 human serum. 

The rat antibody and fully humanised antibody were compared in a direct binding assay to Campath-1 
antigen. Antibody concentrations were determined as described in Figures 7 and 8. The amount of rat 
antibody bound to partially purified Campath-1 antigen was determined as described in connection with 
Table 1 . The amount of human antibody bound was determined by an ELISA assay using a biotinylated 
15 sheep anti-human IgG antibody (Amersham). 



Table 2 



Reshaping the heavy and light chain variable domains simultaneously 




Concentration of antibody in 
ug/ml at 50% binding 


antibody 


antigen binding 


RaVHCAMP RalGG2B 
RaVHCAMP RaKappa 

HuVHCAMP (Ser27 to Phe, Ser30 to Thr) HulGGI 
HuVLCAMP HuKappa 


1.01 | 
1.11 



Thus by transplanting the hypervariable regions from a rodent to a human antibody of the lgG1 
subtype, the antibody can be reshaped for therapeutic application. 

The strategy illustrated in Figure 5 is stepwise assembly to allow any problems to be detected at each 
stage (reshaping of heavy chain variable domain, selection of constant domain and reshaping of light chain 
variable domain). It is quite possible to build the reshaped antibody in a single step assembly, i.e. 
constructing the two reshaped variable domains, attaching to appropriate constant domains and cotransfec- 
ting into e.g. YO. 



Example 2 

Patients and Methods 

Antibody HuVHCAMP (Ser 27 to Phe, Thr 30 to Ser) - HulgGI, HuVLCAMP - HulgK, hereinafter referred 
to as CAMPATH-1 H, was prepared as described in Example 1. The CAMPATH-1 H antibodies were obtained 
from culture supernatant of cells growing in a hollow fibre bioreactor ('Acusyst - Jr\ Endotronics) and 
purified by affinity chromatography on protein- A-'sepharose'. They were dissolved in phosphate-buffered 
saline, sterile filtered, and tested for pyrogen and sterility. Patients were prehydrated over night and 
antibody, diluted in 500 ml saline, was infused over 2-4 hours. 

Campath-1 expression on tumour cells was measured by flow cytometry and complement-mediated 
lysis (references 6, 35). Serum concentrations of CAMPATH-1 H were measured by immunofluorescence 
with normal lymphocytes. Southern blot analysis with an immunoglobulin J H probe was used to detect 
residual tumour cells in DNA extracted from mononuclear fractions of bone marrow. Antiglobulin responses 
were sought by two techniques. The first was a solid-phase enzyme-linked assay using microlitre plates 
coated with CAMPATH-1 H. After incubation with patients' serum samples, the assay was developed with 
biotin-labelled CAMPATH-1 H followed by streptavidin-peroxidas . A mixture of monoclonal mouse anti- 
bodies against human IgG was used as a positive control and 500 ng/ml of this mixture would be detected. 
In the second assay, patients serum samples were mixed with red cells coupled with CAMPATH-1 H 
(reference 10). Agglutination by 5 ng/ml of the control mixture would be detected. Immunoglobulin allotypes 
were determined by means of standard reagents and techniques from the Central Laboratory of the 
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Netherlands Red Cross Blood Transfusion Service. 
RESULTS 
5 Patient 1 

A 69-year-old woman presented in 1983, and grade 1, stage IVA non-Hodgkin lymphoma in leukaemic 
phase was diagnosed. Between 1983 and 1988 the patient received various types of treatment, including 
chemotherapy and radiotherapy and rat antibody to Campath-1. She was then given treatment with 
w CAMPATH-1 H. 

The starting dose was 1 mg daily and, since it was well tolerated, the dose was increased to a 
maximum of 20 mg/day, though the usual was 4 mg/day owing to the small amount available. In all the 
patient received 126 mg over 30 days. The response was prompt; in 6 days night sweats had abated, by 
day 10 there was pronounced reduction in splenomegaly and recovery of blood neutrophils, and by day 18 
15 lymphoma cells were cleared from the blood (Figure 9). 

On day 28 a bone marrow aspirate and trephine were hypocellular but showed active myelopoiesis and 
erythropoiesis and no lymphoid cells (Figure 10B). No CAMPATH-1 positive cells could be detected by flow 
cytometry. DNA from the mononuclear marrow cells was germline when probed with an immunogloublin J H 
probe under conditions where clonal rearrangements could be detected in 0.2% of cells. Thus, it is 
20 concluded that lymphoma cells were cleared from the marrow. The spleen volume was reduced about 
eight-fold (Figures 11 A, B), although it was still slightly larger than normal. 

Other than fever occurring about 1 hour after the end of antibody infusions there were no adverse 
effects of antibody treatment until the 5th week, when severe rigors occurred after each infusion. No 
antiglobulin response could be detected and the rate of clearance of antibody from the serum was 
25 unchanged. For the next 3 weeks the patient continued to experience occasional fever and rigors. She was 
given oral cotrimoxazole because of her lymphopenia, but no infective cause of these symptoms could be 
found. 

In the next 4 months lymphocytes, which appeared morphologically normal, slowly reappeared in the 
blood (up to 0.2 x 10 9 /l). They did not show the characteristic rearranged immunogloublin fragments, and 

30 both CD3-positive and CD19-positive cells were present (see Table 3). Serum immunoglobulin levels, which 
had been very low since presentation, have risen towards normal (Table 3). A marrow aspirate and trephine 
taken 50 days after the end of treatment were again hypocellular but had no lymphomatous infiltration. This 
marrow sample contained 4% CAMPATH-1 -positive cells and showed some oligoclonal rearrangements of 
immunoglobulin genes. However, by day 100, lymphoma cells were again detected in the blood and the 

35 spleen size had started to increase. A second course of 12 days' therapy with CAMPATH-1 H was 
completed with similar therapeutic benefit to the first and no adverse effects. Since the main resevoir of 
disease in the patient appeared to be the spleen, splenectomy was carried out at the end of this second 
course of treatment. At that time no tumour cells could be detected in blood or marrow. The patient is now 
well 37 days after the splenectomy. The lymphocyte count is low but she has normal neutrophil, platelet, 

40 and red-cell counts. 

Patient 2 

A 67-year old man presented in April 1988 with splenic pain; there was 12 cm splenomegaly, and 
45 computed tomography scan of thorax and abdomen revealed retrocrural and para-aortic lymphadenopathy, 
the largest node measuring 3 cm in diameter (Figure 11C). A blood count revealed 36.6 x 10 9 
lymphocytes/ml, the majority being lymphoplasmacytoid cells which expressed surface IgG-kappa and were 
characterised by large cytoplasmic periodic-acid-Schiff-positive vacuoles which could be intensely stained 
by anti-lgG. A marrow aspirate contained 72% lymphomatous cells (Figure 10C). DNA from blood 
so monomuclear cells showed biallelic rearrangement of immunoglobulin J H genes but was germline with 
various T-cell receptor and oncogene probes. The lymphoma cells expressed the CAMPATH-1 antigen in 
amounts comparable with normal lymphocytes but were more resistant to complement-mediated lysis. 
Stage IVA grade I lymphoplasmacytoid non-Hodgkin lymphoma was diagnosed. 

The patient was offered CAMPATH-1 H as primary therapy and received a total of 85 mg over 43 days. 
55 This resulted in clearance of the lymphoma cells and normal lymphocytes from blood (Figure 12) and 
marrow (Figure 10D), resolution of splenomegaly, and improvement in the lymphadenopathy. A computed 
tomography scan taken 8 days after the end of antibody treatment was normal (Figure 1 1 D). A bone marrow 
aspirate taken at the same time showed active haemopoiesis but no lymphoma cells, and no CAMPATH-1 - 
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positive cells could be detected by flow cytometry. DNA from the mononuclear fraction of this marrow 
showed only germline configuration when probed with the immunoglobulin J H probe. By day 78 mor- 
phologically norma! blood lymphocytes began to reappear and none of the vacuolated cells could be s en. 
The patient remains well and off therapy. 

5 Some toxic effects of CAM PATH- 1 H were observed. The first dose was stopped after 3 mg had been 
given because of hypotension, possibly caused by tumour lysis. This problem was subsequently avoided by 
giving smaller doses at a slower rate and when lymphoma cells had been cleared from the blood, the dose 
was increased to a maximun of 8 mg over 4 h without any effect on blood pressure. Nevertheless, all doses 
induced fever (up to 38.5 °C), and malaise for up to 36 h, but these were not severe enough to stop 

10 antibody treatment which, after the first week, was given on an outpatient basis. Treatment was stopped 
after 43 days because of the development of an urticarial rash after two successive antibody infusions. 

Half-life of CAMPATH 1-H 

75 The concentration of CAMPATH-1H was measured in serum samples taken before and after antibody 
infusions and at other times throughout treatment. In theory, a dose of 4-6 mg corresponds to about 1 ug/ml 
in the plasma. In fact free antibody could not be detected until day 4-6, about 5-20% after 24 hours. 

Lack of Antiglobulin Response 

20 

The allotype of CAM PATH- 1 H is Glm(l,2,l7),Km(3). Patient 1 was Glm(1,3,l7),Km(3) and patient 2 was 
Glm(3),Km(3), so both could theoretically have made an anti-allotype response as well as a response to the 
hypervariable regions. However, we failed to detect any antiglobulin to CAMPATH-1H either by the solid- 
phase enzyme-linked assay or by the more sensitive haemagglutination assay. In addition, the rate of 
25 clearance of CAMPATH-1 H did not change and free antibody could be detected for up to 8 days after the 
last dose had been given. It is possible that the reactions experienced at the end of the course of treatment 
could have been provoked by contaminating non-human proteins in the antibody preparation. 

Discussion 

30 

The remissions achieved in these two patients show that it is possible to clear large numbers of tumour 
cells with small amounts of an unmodified monoclonal antibody. The effects in the first patient were far 
superior to the results of the previous chemotherapy and radiotherapy. The selective lysis of lymphoma 
cells with recovery of normal haemopoiesis during the course of treatment was an important advantage, 
35 which allowed treatment to be given largely on an outpatient basis. It is believed the choice of antibody- 
specificity and isotype is important; indeed, it may be why these tests had more success than previous 
efforts with other monoclonal antibodies. (References 36-38.) The CAMPATH-1 antigen seems to be a good 
target because it is widely distributed and abundant, and does not suffer from antigenic modulation. 
(References 6,35.) 
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TABLE 3 - PATIENT CHARACTERISTICS BEFORE AND AFTER TREATMENT WITH CAM PATH- 1 H 



Case 1 Case 2 

Diagnosis Stage IVB grade I NHL in Stage IVA grade I lympho 

leukaemic phase plasmacytoid NHL 



before after before after 



Spleen size ml 4460 590 2600 440 

Lymphadenopathy nil nil retrocrural nil 

paraortic 

Bone marrow 

lymphoma cell Z 99 0 7 2 0 
Southern blot analysis 

Ig Jh fragment R/R G/G R/R G/G 



Peripheral blood 

haemoglobin g/dl 8.7 10.6 11.2 12.0 

reticulocytes xlOVl 31 135 nd nd 

platelets x10Vl 37 50 1 10 453 

lymphocytes x10*/l 60 0 37 0 

neutrophils xlOVl 0 2.0 4.6 7.3 
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monocytes 


x10Vl 


0 


0.04 


1 . 5 


ft c 

0 . 5 
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Lymphocyte phenotype 












CD19 


X 


97 


46 


93 


<5. 




CD3 


X 


0 


32 


Q 
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Oft 

oO 
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CAMPATH-1M 


X 


ft c 

96 


na 




IIU 




CAMPATH- 1 H 


X 


no 
98 


na 


07 


nd 


15 


Serum immunoglobulins 












IgM 


g/1 


<0.3 


1.2 


<0.3 


0.7 


20 




8/1 


<0.5 


<0.5 


<0.5 


0.5 






g/1 


5.8 


8.2 


3.2 


4.7 




Bence-Jones 




nil 


nil 


♦+ 


nil 


25 
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40 



The post-therapy values refer to measurements made shortly after the end 
of antibody therapy, except for lymphocyte phenotyping and serum Ig, which 
were assessed 6 weeks later. Lymphocyte phenotype's were measured by 
immunofluorescence and APAAP techniques. Spleen and lymph node dimensions 
were measured by serial CT scanning (Figll). 



nd - not done 
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35 Claims 

Claims for the following Contracting States : DE, GB, FR, IT, NL, SE, LI, CH, BE, AT, LU 

1. An antibody with affinity for the antigen Campath-1 having at least one complementarity determining 
region which is foreign with respect to the constant region of the antibody, said at least one foreign 

40 complementarity determining region being selected from complementarity determining regions which 
are substantially as identified in Figure 2, that is amino acid residues 31 to 35, 50 to 65 and 95 to 102 
of the heavy chain as shown in Figure 2a, and amino acid residues 24 to 34, 50 to 56 and 89 to 97 of 
the light chain as shown in Figure 2b, the antibody being capable of binding effectively to the antigen 
Campath-1 . 

45 

2. An antibody according to Claim 1 having a heavy chain with at least one complementarity determining 
region selected from complementarity determining regions which are substantially as identified in 
Figure 2a and a light chain with at least one complementarity determining region selected from 
complementarity determining regions which are substantially as identified in Figure 2b. 

50 

3. An antibody according to Claim 1 having a heavy chain with three complementarity determining regions 
which are substantially as identified in Figure 2a or a light chain with three complementarity determin- 
ing regions which are substantially as identified in Figure 2b. 

55 4. An antibody with affinity for the antigen Campath-1 having heavy and light chain complementarity 
determining regions which are foreign with respect to the constant region of the antibody, said 
complementarity determining regions being substantially as identified in Figure 2, that is residues 31 to 
35, 50 to 65 and 95 to 102 of the heavy chain as shown in Figure 2a, and residues 24 to 34, 50 to 56 
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and 89 to 97 of the light chain as shown in Figure 2b, the antibody being capable of binding effectively 
to the antigen Campath-1. 

5. An antibody according to Claim 4 which has heavy and light chain variable domains as identified in the 
5 lower lines of sequence information in Figure 2, that is residues 1 to 113 of the heavy chain and 

residues 1 to 108 of the light chain. 

6. An antibody according to any of Claims 1 to 4, wherein the complementarity determining regions are 
combined with heavy and light chain variable domain framework regions which are of human origin. 

10 

7. An antibody with affinity for the antigen Campath-1 having heavy and light chain complementarity 
determining regions which are foreign with respect to the constant region of the antibody, said 
complementarity determining regions being as identified in Figure 2, that is residues 31 to 35, 50 to 65 
and 95 to 102 of the heavy chain as shown in Figure 2a, and residues 24 to 34, 50 to 56 and 89 to 97 

is of the light chain as shown in Figure 2b, and said complementarity determining regions being 
combined with heavy and light chain variable domain framework regions which are of human origin, the 
antibody being capable of binding effectively to the antigen Campath-1 . 

8. An antibody according to Claim 7 which has heavy and light chain variable domains as identified in the 
20 upper lines of sequence information in Figure 2, that is residues 1 to 113 of the heavy chain and 

residues 1 to 108 of the light chain. 

9. An antibody as defined in Claim 8 but which has phenylalanine at residue 27 in the heavy chain in 
place of serine. 

25 

10. An antibody as defined in Claim 8 but which has phenylalanine at residue 27 and threonine at residue 
30 in the heavy chain in place of serine. 

11. An antibody according to any of the preceding claims, wherein the heavy chain constant domains and 
30 the light chain constant domain are selected from antibodies of different species type. 

12. An antibody according to Claim 11, wherein said different species types include rat and human. 

13. An antibody according to any of Claims 1 to 8, wherein the heavy and light chain constant domains are 
35 of human origin. 

14. An antibody according to Claim 13, wherein the constant region is of an IgG class. 

15. An antibody according to Claim 14, wherein the constant region is of the lgG1 class. 

40 

16. An antibody with affinity for the antigen Campath-1 having heavy and light chain variable domains as 
identified in the upper lines of sequence information in Figure 2, that is residues 1 to 113 of the heavy 
chain and residues 1 to 108 of the light chain, but with the serine at residue 27 in the heavy chain 
replaced by phenylalanine, and having heavy and light chain constant domains which are of human 

45 origin. 

17. An antibody as defined in Claim 16 but which has threonine at residue 30 in the heavy chain in place of 
serine. 

so 18. An antibody according to Claim 16 or 17, wherein the constant region is of an IgG class. 

19. An antibody according to Claim 18, wherein the constant region is of the lgG1 class. 

20. A fragment of an antibody according to any of the preceding claims, which fragment retains the binding 
55 capability of the antibody. 

21. A composition for administration to patients comprising an antibody according to any of Claims 1 to 19 
or a fragment according to Claim 20 together with a physiologically acceptable diluent or carrier. 
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22. A composition according to Claim 21 , wherein said antibody or fragment is of a purity such that it is at 
least 95% by weight free of other biological materials. 

23. A composition according to Claim 21 or 22 which is adapted for intravenous administration. 

5 

24. A composition according to an^ of Claims 21 to 23 which additionally comprises another therapeutic 
antibody. 

25. A composition according to any of Claims 21 to 24 which comprises a unit dosage of 1 to 20 mg of the 
w antibody with affinity for the antigen Campath-1 or of the fragment thereof. 

26. A composition according to Claim 25, in which the unit dosage is 5 mg. 

27. An antibody according to any of Claims 1 to 19 or a fragment according to Claim 20 for use in therapy. 

T5 

28. The use of an antibody according to any of Claims 1 to 19 or of a fragment according to Claim 20 in 
the manufacture of a medicament for use in a therapy which requires reduction of the lymphocyte 
population. 

20 29. The use of an antibody according to any of Claims 1 to 19 or of a fragment according to Claim 20 in 
the manufacture of a medicament for use in the treatment of cancer. 

30. The use of an antibody according to any of Claims 1 to 19 or of a fragment according to Claim 20 in 
the manufacture of a medicament for use in immunosuppression. 

25 

31. The use according to Claim 29 or 30, in which the medicament is for use in the treatment of lymphoid 
malignancies. 

32. The use according to Claim 31 , in which the lymphoid malignancy is a lymphoma. 

30 

33. The use according to Claim 32, in which the medicament is in a unit dosage form containing 1 to 20 
mg of the antibody or fragment thereof. 

34. The use according to Claim 33, in which the medicament is in a unit dosage form containing 5 mg of 
35 the antibody or fragment thereof. 

35. The use according to Claim 30, in which the medicament is for use in the treatment of autoimmune 
disease. 

40 36. The use according to Claim 30, in which the medicament is for use in the treatment of a recipient of a 
transplant. 

37. A cell line which expresses an antibody with affinity for the antigen Campath-1 having at least one 
complementarity determining region which is foreign with respect to the constant region of the 

45 antibody, said at least one foreign complementarity determining region being selected from com- 
plementarity determining regions which are substantially as identified in Figure 2, that is amino acid 
residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Figure 2a, and amino acid 
residues 24 to 34, 50 to 56 and 89 to 97 of the light chain as shown in Figure 2b, the antibody being 
capable of binding effectively to the antigen Campath-1 . 

50 

38. A cell line according to Claim 37, wherein the antibody is as defined in any of Claims 2 to 20. 

39. A cell line according to Claim 37 or 38, wherein the cell line comprises a DNA sequence or sequences 
shown in Figur 2 as corresponding to one or more of said complementarity determining regions. 

55 
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Claims for the following Contracting States : ES, GR 

1. A process for the preparation of an antibody with affinity for the antigen Campath-1 having at least one 
complementarity determining region which is foreign with respect to the constant region of the 

5 antibody, said at least one foreign complementarity determining region being selected from com- 
plementarity determining regions which are substantially as identified in Figure 2, that is amino acid 
residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Figure 2a, and amino acid 
residues 24 to 34, 50 to 56 and 89 to 97 of the light chain as shown in Figure 2b, the antibody being 
capable of binding effectively to the antigen Campath-1, which process comprises culturing cells 

70 capable of expressing the antibody in order to effect expression thereof. 

2. A process according to Claim 1 , wherein the antibody has a heavy chain with at least one complemen- 
tarity determining region selected from complementarity determining regions which are substantially as 
identified in Figure 2a and a light chain with at least one complementarity determining region selected 

75 from complementarity determining regions which are substantially as identified in Figure 2b. 

3. A process according to Claim 1 , wherein the antibody has a heavy chain with three complementarity 
determining regions which are substantially as identified in Figure 2a or a light chain with three 
complementarity determining regions which are substantially as identified in Figure 2b. 

20 

4. A process for the preparation of an antibody with affinity for the antigen Campath-1 having heavy and 
light chain complementarity determining regions which are foreign with respect to the constant region 
of the antibody, said complementarity determining regions being substantially as identified in Figure 2, 
that is residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Figure 2a, and 

25 residues 24 to 34, 50 to 56 and 89 to 97 of the light chain as shown in Figure 2b, the antibody being 
capable of binding effectively to the antigen Campath-1, which process comprises culturing ceils 
capable of expressing the antibody in order to effect expression thereof. 

5. A process according to Claim 4, wherein the antibody has heavy and light chain variable domains as 
30 identified in the lower lines of sequence information in Figure 2, that is residues 1 to 113 of the heavy 

chain and residues 1 to 108 of the light chain. 

6. A process according to any of Claims 1 to 4, wherein the complementarity determining regions of the 
antibody are combined with heavy and light chain variable domain framework regions which are of 

35 human origin. 

7. A process for the preparation of an antibody with affinity for the antigen Campath-1 having heavy and 
light chain complementarity determining regions which are foreign with respect to the constant region 
of the antibody, said complementarity determining regions being as identified in Figure 2, that is 

40 residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Figure 2a, and residues 24 to 
34, 50 to 56 and 89 to 97 of the light chain as shown in Figure 2b, and said complementarity 
determining regions being combined with heavy and light chain variable domain framework regions 
which are of human origin, the antibody being capable of binding effectively to the antigen Campath-1, 
which process comprises culturing cells capable of expressing the antibody in order to effect 

45 expression thereof. 

8. A process according to Claim 7, wherein the antibody has heavy and light chain variable domains as 
identified in the upper lines of sequence information in Figure 2, that is residues 1 to 113 of the heavy 
chain and residues 1 to 108 of the light chain. 

50 

9. A process according to Claim 7, wherein the antibody is as defined in Claim 8 but has phenylalanine at 
residue 27 in the heavy chain in place of serine. 

10. A process according to Claim 7, wherein the antibody is as defined in Claim 8 but has phenylalanine at 
55 residue 27 and threonine at residue 30 in the heavy chain in place of serine. 

11- A process according to any of the preceding claims, wherein the heavy chain constant domains and the 
light chain constant domain of the antibody ar selected from antibodies of different species type. 
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12. A process according to Claim 11, wherein said different species types include rat and human. 

13. A process according to any of Claims 1 to 8, wherein the heavy and light chain constant domains of the 
antibody are of human origin. 

5 

14. A process according to Claim 13, wherein the constant region of the antibody is of an IgG class. 

15. A process according to Claim 14, wherein the constant region of the antibody is of the lgG1 class. 

10 16. A process for the preparation of an antibody with affinity for the antigen Campath-1 having heavy and 
light chain variable domains as identified in the upper lines of sequence information in Figure 2, that is 
residues 1 to 113 of the heavy chain and residues 1 to 108 of the light chain, but with the serine at 
residue 27 in the heavy chain replaced by phenylalanine, and having heavy and light chain constant 
domains which are of human origin, which process comprises culturing cells capable of expressing the 

75 antibody in order to effect expression thereof. 

17. A process according to Claim 16, wherein the antibody is as defined in Claim 16 but has threonine at 
residue 30 in the heavy chain in place of serine. 

20 18. A process according to Claim 16 or 17, wherein the constant region of the antibody is of an IgG class. 

19. A process according to Claim 18, wherein the constant region of the antibody is of the lgG1 class. 

20. A process according to any of the preceding claims, wherein the antibody produced is treated to 
25 produce a fragment which retains the binding capability of the antibody. 

21. A process for the preparation of a composition for administration to patients containing an antibody as 
defined in any of Claims 1 to 19 or a fragment as defined in Claim 20 which comprises bringing the 
antibody or fragment together with a physiologically acceptable diluent or carrier. 

30 

22. A process according to Claim 21 , wherein said antibody or fragment is of a purity such that it is at least 
95% by weight free of other biological materials. 

23. A process according to Claim 21 or 22, wherein the composition is adapted for intravenous administra- 
35 tion. 

24. A process according to any of Claims 21 to 23, wherein the composition additionally comprises another 
therapeutic antibody. 

40 25. A process according to any of Claims 21 to 24, wherein the composition comprises a unit dosage of 1 
to 20 mg of the antibody with affinity for the antigen Campath-1 or of the fragment thereof. 

26. A process according to Claim 25, in which the unit dosage is 5 mg. 

45 27. A cell line which expresses an antibody with affinity for the antigen Campath-1 having at least one 
complementarity determining region which is foreign with respect to the constant region of the 
antibody, said at least one foreign complementarity determining region being selected from com- 
plementarity determining regions which are substantially as identified in Figure 2, that is amino acid 
residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Figure 2a, and amino acid 

so residues 24 to 34, 50 to 56 and 89 to 97 of the light chain as shown in Figure 2b, the antibody being 
capable of binding effectively to the antigen Campath-1 . 

28. A cell line according to Claim 27, wherein the antibody is as defined in any of Claims 2 to 20. 

55 29. A cell line according to Claim 27 or 28, wherein the cell line comprises a DNA sequence or sequences 
shown in Figure 2 as corresponding to one or more of said complementarity determining regions. 
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PatentansprUche 

PatentansprUche fUr folgende Vertragsstaaten : DE, GB, FR, LT, NL, SE, LI, CH, BE, AT, LU 

1. Antikorper mit Affinitat fur das Campath-1 -Antigen mit mindestens einer komplementaren determinie- 
5 renden Region, die bezuglich der konstanten Region des Antikorpers fremd ist, wobei die mindestens 

eine fremde komplementare determinierende Region aus den komplementaren determinierenden 
Regionen, die im Wesentlichen wie in Figur 2 dargestellt sind, ausgew&hlt ist, das heiBt, die AminosSu- 
rereste 31 bis 35, 50 bis 65 und 95 bis 102 der schweren Kette, wie in Figur 2a gezeigt, und die 
Aminosaurereste 24 bis 34, 50 bis 56 und 89 bis 97 der leichten Kette wie in Figur 2b gezeigt, wobei 
10 der Antikorper effektiv an das Campath-1 -Antigen binden kann. 

2. Antikorper nach Anspruch 1, dadurch gekennzeichnet, daB er eine schwere Kette mit mindestens 
einer komplementaren determinierenden Region, ausgewahlt aus den komplementaren determinieren- 
den Regionen, die, im wesentlichen wie in Figur 2a dargestellt, sind, und eine leichte Kette mit 

15 mindestens einer komplementaren determinierenden Region, ausgewahlt aus den komplementaren 
determinierenden Regionen, die, im wesentlichen wie in Figur 2b dargestellt, sind, besitzt. 

3. Antikorper nach Anspruch 1, dadurch gekennzeichnet, daB er eine schwere Kette mit drei komple- 
mentaren determinierenden Regionen, die, im wesentlichen wie in Figur 2a dargestellt, sind, oder eine 

20 leichte Kette mit drei komplementaren determinierenden Regionen, die im wesentlichen wie in Figur 2b 
dargestellt sind, besitzt. 

4. Antikorper mit Affinitat fur das Campath-1 -Antigen mit komplementaren determinierenden Regionen der 
schweren und der leichten Kette, die bezuglich der konstanten Region des Antikorpers fremd sind, 

25 wobei die komplementaren determinierenden Regionen im wesentlichen wie in Figur 2 dargestellt sind, 
das heiBt, die Reste 31 bis 35, 50 bis 65 und 95 bis 102 der schweren Kette, wie in Figur 2a 
dargestellt, und die Reste 24 bis 34, 50 bis 56 und 89 bis 97 der leichten Kette, wie in Figur 2b 
dargestellt, wobei der Antikorper effektiv an das Campath-1 -Antigen binden kann. 

30 5. Antikorper nach Anspruch 4, dadurch gekennzeichnet, daB er variable Domanen der schweren und 
der leichten Kette, wie in den unteren Zeilen der Sequenzinformation in Figur 1 dargestellt ist, besitzt, 
das heiBt, die Reste 1 bis 1 1 3 der schweren Kette und die Reste 1 bis 1 08 der leichten Kette. 

6. Antikorper nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB die komplementaren 
35 determinierenden Regionen mit GerUstregionen der variablen Domane der schweren und leichten 

Kette, die menschlichen Ursprungs sind, kombiniert sind. 

7. Antikorper mit Affinitat fur das Campath-1 -Antigen mit komplementaren determinierenden Regionen der 
schweren und der leichten Kette, die bezuglich der konstanten Region des Antikorpers fremd sind, 

40 wobei die komplementaren determinierenden Regionen wie in Figur 2 dargestellt sind, das heiBt, die 
Reste 31 bis 35, 50 bis 65 und 95 bis 102 der schweren Kette, wie in Figur 2a gezeigt, und die Reste 
24 bis 34, 50 bis 56 und 89 bis 97 der leichten Kette, wie in Figur 2b gezeigt, und wobei die 
komplementaren determinierenden Regionen mit Gertistregionen der variablen Domane der schweren 
und der leichten Kette, die menschlichen Ursprungs sind, kombiniert sind, wobei der AntikSrper effektiv 

45 an das Campath-1 -Antigen binden kann. 

8. Antikorper nach Anspruch 1 , dadurch gekennzeichnet, daB er variable Domanen der schweren und 
der leichten Kette, wie in der oberen Zeile der Sequenzinformation in Figur 2 dargestellt, besitzt, das 
heiBt, die Reste 1 bis 113 der schweren Kette und die Reste 1 bis 108 der leichten Kette. 

50 

9. Antikorper nach Anspruch 8, jedoch mit Phenylalanin bei Rest 27 in der schweren Kette anstelle von 
Serin. 

10. AntikSrper nach Anspruch 8, jedoch mit Phenylalanin bei Rest 27 und Threonin bei Rest 30 in der 
55 schweren Kette anstelle von Serin. 

11. Antiterper nach einem der vorausgehenden AnsprOch , dadurch gekennzeichnet, daB die konstanten 
DomSnen der schweren Kette und die konstante Domane der leichten Kette aus Antikdrpern von 
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unterschiedlichen Speziesarten ausgewahlt sind. 

12. Antikorper nach Anspruch 11, dadurch gekennzeichnet, daB die unterschiedlichen Speziesarten Ratte 
und Mensch umfassen. 

13. Antikorper nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, daB die konstanten Domanen 
der schweren und der leichten Kette menschlichen Ursprungs sind. 

14. Antikorper nach Anspruch 13, dadurch gekennzeichnet, daB die konstante Region einer IgG-Klasse 
angehort. 

15. Antikorper nach Anspruch 14, dadurch gekennzeichnet, daB die konstante Region der lgG1-Klasse 
angehort. 

16. Antikorper mit Affinitat fUr das Campath-1 -Antigen mit variablen Domanen der schweren und der 
leichten Kette, wie in den oberen Zeilen der Sequenzinformation in Figur 2 dargestellt, das heiBt, die 
Reste 1 bis 113 der schweren Kette und die Reste 1 bis 108 der leichten Kette, jedoch mit einem 
Austausch von Serin bei Rest 27 in der schweren Kette durch Phenylalanin und mit konstanten 
Domanen der schweren und der leichten Kette, die menschlichen Ursprungs sind. 

17. Antikorper nach Anspruch 16, jedoch mit Threonin bei Rest 30 in der schweren Kette anstelle von 
Serin. 

18. Antikorper nach Anspruch 16 oder 17, dadurch gekennzeichnet, daB die konstante Region einer IgG- 
Klasse angehort. 

19. Antikorper nach Anspruch 18, dadurch gekennzeichnet, daB die konstante Region der lgG1-Klasse 
angehort. 

20. Fragment eines Antikorpers nach einem der vorausgehenden Anspruche, dadurch gekennzeichnet, 
daB das Fragment die Bindungsfahigkeit des Antikorpers beibehalt. 

21. Praparat zur Verabreichung an Patienten, umfassend einen Antikorper nach einem der Anspruche 1 bis 
19 Oder ein Fragment nach Anspruch 20 zusammen mit einem physiologisch vertraglichen Verdun- 
nungsmittel Oder Trager. 

22. Praparat nach Anspruch 21, dadurch gekennzeichnet, daB der Antikorper oder das Fragment so rein 
ist, daB mindestens 95 Gew.-% frei von anderen biologischen Materialien sind. 

23. Praparat nach Anspruch 21 oder 22, dadurch gekennzeichnet, daB es der intravenosen Verabreichung 
angepaBt ist. 

24. Praparat nach einem der Anspruche 21 bis 23, dadurch gekennzeichnet, daB es weiterhin einen 
anderen therapeutischen Antikorper enthalt. 

25. Praparat nach einem der Anspruche 21 bis 24, dadurch gekennzeichnet, dafi es eine Dosiseinheit von 
1 bis 20 mg des Antikorpers mit Affinitat fdr das Campath-1 -Antigen oder dem Fragment davon enthalt. 

26. Praparat nach Anspruch 25, dadurch gekennzeichnet, daB die Dosiseinheit 5 mg betragt. 

27. Antikorper nach einem der Anspruche 1 bis 19, oder ein Fragment nach Anspruch 20 zur therapeuti- 
schen Verwendung. 

28. Verwendung eines Antikorpers nach einem der Anspruche 1 bis 19 oder eines Fragments nach 
Anspruch 20 zur Herstellung eines Medikaments zur Verwendung in einer Therapie, die die Verringe- 
rung der Lymphozytenpopulation notwending macht. 
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29. Verwendung eines Antikorpers nach einem der AnsprUche 1 bis 19 oder eines Fragments nach 
Anspruch 20 zur Herstellung eines Medikaments zur Verwendung bei der Behandlung von Krebs. 

30. Verwendung eines Antikorpers nach einem der Anspruche 1 bis 19 oder eines Fragments nach 
Anspruch 20 zur Herstellung eines Medikaments zur Verwendung bei der Immunsuppression. 

31. Verwendung nach Anspruch 29 oder 30, dadurch gekennzelchnet, daB das Medikament bei der 
Behandlung von lymphoiden Malignitaten verwendet wird. 

32. Verwendung nach Anspruch 31, dadurch gekennzelchnet, daB die lymphoide Malignitat ein Lymphom 
ist. 

33. Verwendung nach Anspruch 32, dadurch gekennzeichnet, daS das Medikament in einer Einheitsdosis- 
form, die 1 bis 20 mg des Antikorpers oder Fragments davon enthSIt, vorliegt. 

34. Verwendung nach Anspruch 33, daduch gekennzeichnet, daB das Medikament in einer Dosiseinheits- 
form, die 5 mg des Antikorpers oder Fragments davon enthSIt, vorliegt. 

35. Verwendung nach Anspruch 30, dadurch gekennzeichnet, daB das Medikament bei der Behandlung 
einer Autoimmunerkrankung verwendet wird. 

36. Verwendung nach Anspruch 30, dadurch gekennzeichnet, daB das Medikament bei der Behandlung 
eines Transplantatempf angers verwendet wird. 

37. Zellinie, die einen Antikorper mit Affinitat fur das Campath-1 -Antigen mit mindestens einer komplemen- 
taren determinierenden Region, die bezuglich der konstanten Region des Antikorpers fremd ist, 
exprimiert, wobei mindestens eine fremde komplementSre determinierende Region aus den komple- 
mentaren determinierenden Regionen, die im wesentlichen wie in Figur 2 dargestellt sind, ausgewahlt 
ist, das heiBt, die Aminosaurereste 31 bis 35, 50 bis 65 und 95 bis 102 der schweren Kette, wie in 
Figur 2a gezeigt, und die Aminosaurereste 24 bis 34, 50 bis 56 und 89 bis 97 der leichten Kette, wie in 
Figur 2b gezeigt, wobei der Antikorper effektiv an das Campath-1 -Antigen binden kann. 

38. Zellinie nach Anspruch 37, dadurch gekennzeichnet, daB der Antikorper wie in einem der Anspruche 
2 bis 20 definiert ist. 

39. Zellinie nach Anspruch 37 oder 38, dadurch gekennzeichnet, daB die Zellinie eine DNA-Sequenz oder 
DNA-Sequenzen, die in Figur 2 gezeigt sind, entsprechend einer oder mehrerer komplementSrer 
determinierender Regionen umfaBt. 

Patentanspriiche fur folgende Vertragsstaaten : ES, GR 

1. Verfahren zur Herstellung eines Antikorpers mit Affinitat fGr das Campath-1 -Antigen mit mindestens 
einer komplementaren determinierenden Region, die bezuglich der konstanten Region des Antikorpers 
fremd ist, wobei die mindestens eine fremde komplementare determinierende Region aus den komple- 
mentaren determinierenden Regionen, die im wesentlichen wie in Figur 2 dargestellt sind, ausgewahlt 
ist, das heiBt, die Aminosaurereste 31 bis 35, 50 bis 65 und 95 bis 102 der schweren Kette, wie in 
Figur 2a gezeigt, und die Aminosaurereste 24 bis 34, 50 bis 56 und 89 bis 97 der leichten Kette, wie in 
Figur 2b gezeigt, wobei der Antikorper effektiv an das Campath-1 -Antigen binden kann, dadurch 
gekennzeichnet, daB man Zellen mit der Fahigkeit, den Antikorper zu exprimieren, zuchtet, urn die 
Expression davon zu bewirken. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB der Antikorper eine schwere Kette mit 
mindestens einer komplementaren determinierenden Region, ausgewahlt aus den komplementaren 
determinierenden R gionen, die im wesentlichen wie in Figur 2a dargestellt sind, und eine leichte Kette 
mit mindestens einer komplementaren determinierenden Region, ausgewahlt aus den komplementaren 
determinierenden Regionen, die im wesentlichen wie in Figur 2b dargestellt sind, besitzt. 
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3. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB der Antikorper eine schwere Kette mit drei 
komplementaren determinierenden Regionen, die im wesentlichen wie in Figur 2a dargestellt sind, oder 
eine I ichte Kette mit drei komplementaren determinierenden Regionen, die im wesentlichen wie in 
Figur 2b dargestellt sind, besitzt. 

5 

4. Verfahren zur Herstellung eines Antikorpers mit Affinitat fur das Campath-1 -Antigen mit komplementa- 
ren determinierenden Regionen der schweren und der leichten Kette, die bezUglich der konstanten 
Region des Antikorpers fremd sind, wobei die komplementaren determinierenden Regionen im wesent- 
lichen wie in Figur 2 dargestellt sind, das heiBt, die Reste 31 bis 35, 50 bis 65 und 95 bis 102 der 

io schweren Kette, wie in Figur 2a gezeigt, und die Reste 24 bis 34, 50 bis 56 und 89 bis 97 der leichten 
Kette, wie in Figur 2b gezeigt, wobei der Antikorper effektiv an das Campath-1 -Antigen binden kann, 
dadurch gekennzeichnet, daB man Zellen mit der Fa'higkeit zur Expression des Antikorpers zUchtet, 
urn die Expression davon zu bewirken. 

75 5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB der Antikorper variable Domanen der 
schweren und der leichten Kette, wie in den unteren Zeilen der Sequenzinformation in Figur 2 gezeigt, 
besitzt, das heiBt, die Reste 1 bis 113 der schweren Kette und die Reste 1 bis 108 der leichten Kette. 

6. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB die komplementaren 
20 determinierenden Regionen des Antikorpers mit GerOstregionen der variablen Domane der schweren 

und der leichten Kette, die menschlichen Ursprungs sind, kombiniert sind. 

7. Verfahren zur Herstellung eines Antikorpers mit Affinitat fur das Campath-1 -Antigen mit komplementa- 
ren determinierenden Regionen der schweren und der leichten Kette, die bezuglich der konstanten 

25 Region des Antikorpers fremd sind, wobei die komplementaren determinierenden Regionen wie in 
Figur 2 dargestellt sind, das heiBt die Reste 31 bis 35, 50 bis 56 und 95 bis 102 der schweren Kette, 
wie in Figur 2a gezeigt, und die Reste 24 bis 34, 50 bis 56 und 89 bis 97 der leichten Kette, wie in 
Figur 2b gezeigt, und wobei die komplementaren determinierenden Regionen mit Gerustregionen der 
variablen DomSne der schweren und der leichten Kette, die menschlichen Ursprungs sind, kombiniert 

30 sind, wobei der Antikorper effektiv an das Campath-1 -Antigen binden kann, dadurch gekennzeichnet, 
daB man Zellen mit der Fahigkeit zur Expression des Antikorpers zuchtet, urn die Expression davon zu 
bewirken. 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB der Antikorper variable Domanen der 
35 schweren und der leichten Kette, wie in den oberen Zeilen der Sequenzinformation in Figur 2 gezeigt, 

besitzt, das heiBt, die Reste 1 bis 113 der schweren Kette und die Reste 1 bis 108 der leichten Kette. 

9. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB der Antikorper wie in Anspruch 8 definiert 
ist, aber Phenylaianin bei Rest 27 in der schweren Kette anstelle von Serin besitzt. 

40 

10. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB der Antikorper wie in Anspruch 8 definiert 
ist, aber Phenylaianin bei Rest 27 und Threonin bei Rest 30 in der schweren Kette anstelle von Serin 
besitzt. 

45 11. Verfahren nach einem der vorausgehenden Anspruche, dadurch gekennzeichnet, daB die konstanten 
Domanen der schweren Kette und die konstante Domane der leichten Kette des Antikorpers aus 
Antikorpern unterschiedlicher Speziesarten ausgewahlt sind. 

12. Verfahren nach Anspruch 11, dadurch gekennzeichnet, daB die unterschiedlichen Speziesarten Ratte 
50 und Mensch umfassen. 

13. Verfahren nach einem der AnsprOche 1 bis 8, dadurch gekennzeichnet, daB die konstanten Domanen 
der schweren und der leichten Kette des Antikorpers menschlichen Ursprungs sind. 

55 14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, daB die konstante Region des Antikorpers 
einer IgG-Klasse angehort. 
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15. Verfahren nach Anspruch 14, dadurch gekennzeichnet, daB die konstante Region des Antikorpers der 
lgG1-Klasse angeh5rt. 

16. Verfahren zur HersteNung eines Antikorpers mit Affinitat fur das Campath-1 -Antigen mit variablen 
5 Domanen der schweren und der leichten Kette, wie in den oberen Zeilen der Sequenzinformation in 

Figur 2 dargestellt, das heiBt, die Reste 1 bis 113 der schweren Kette und die Reste 1 bis 108 der 
leichten Kette, aber mit einem Austausch von Serin bei Rest 27 in der schweren Kette gegen 
Phenylalanin und mit konstanten Domanen der schweren und der leichten Kette, die menschlichen 
Ursprungs sind, dadurch gekennzeichnet, daB man Zeilen mit der Fa'higkeit zur Expression des 
w Antikorpers ztichtet, urn die Expression davon zu bewirken. 

17. Verfahren nach Anspruch 16, dadurch gekennzeichnet, daB der Antikorper wie in Anspruch 16 
definiert ist, aber Threonin bei Rest 30 in der schweren Kette anstelle von Serin besitzt 

75 18. Verfahren nach Anspruch 16 Oder 17, dadurch gekennzeichnet, daB die konstante Region des 
Antiko'rpers einer IgG-Klasse angehort. 

19. Verfahren nach Anspruch 18, dadurch gekennzeichnet, daB die konstante Region des Antikorpers der 
lgG1-Klasse angehdrt 

20 

20. Verfahren nach einem der vorausgehenden Anspruche, dadurch gekennzeichnet, daS der gebildete 
Antikorper behandelt wird, urn ein Fragment, das die Bindungsfahigkeit des Antikorpers beibehalt, zu 
erzeugen. 

25 21. Verfahren zur HersteNung eines Praparats zur Verabreichung an Patienten, welches einen Antikorper 
nach einem der Anspruche 1 bis 19 oder ein Fragment nach Anspruch 20 umfaBt, dadurch gekenn- 
zeichnet, daB man den Antikorper oder das Fragment mit einem physiologisch annehmbaren VerdOn- 
nungsmittel oder Trager vermischt. 

30 22. Verfahren nach Anspruch 21 , dadurch gekennzeichnet, daB der Antikorper oder das Fragment so rein 
ist, daB mindestens 95 Gew.-% frei von anderen biologischen Materialien sind. 

23. Verfahren nach Anspruch 21 oder 22, dadurch gekennzeichnet, daB das Praparat der intravenosen 
Verabreichung angepaBt ist. 

35 

24. Verfahren nach einem der Anspruche 21 bis 23, dadurch gekennzeichnet, daB das Praparat zusatzlich 
einen weiteren therapeutischen Antikorper enthSlt. 

25. Verfahren nach einem der Anspruche 21 bis 24, dadurch gekennzeichnet, daB das Praparat eine 
40 Dosiseinheit von 1 bis 20 mg des Antikorpers mit Affinitat fur das Campath-1 -Antigen oder des 

Fragments davon, umfaBt. 

26. Verfahren nach Anspruch 25, dadurch gekennzeichnet, daB die Dosiseinheit 5 mg betragt. 

45 27. Zellinie, die einen Antikorper mit Affinita't fOr das Campath-1 -Antigen mit mindestens einer komplemen- 
taren determinierenden Region, die bezuglich der konstanten Region des Antikorpers fremd ist, 
exprimiert, wobei mindestens eine fremde komplementare determinierende Region aus den komple- 
mentaren determinierenden Regionen, die im wesentlichen wie in Figur 2 dargestellt sind, ausgewahlt 
ist, das heiBt, die Aminosaurereste 31 bis 35, 50 bis 65 und 95 bis 102 der schweren Kette, wie in 

so Figur 2a gezeigt, und die Aminosaurereste 24 bis 34, 50 bis 56 und 89 bis 97 der leichten Kette, wie in 
Figur 2b gezeigt, wobei der Antikorper effektiv an das Campath-1 -Antigen binden kann. 

28. Zellinie nach Anspruch 27, daduch gekennzeichnet, daB der Antikorper wie in einem der Anspruche 2 
bis 20 definiert ist. 

55 

29. Zellinie nach Anspruch 27 oder 28, dadurch gekennzeichnet, daB die Zellinie eine DNA-Sequenz Oder 
DNA-Sequenzen, wie in Figur 2 gezeigt, entsprechend einer oder mehreren der komplementaren 
determinierenden Regionen umfaBt. 
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Revendications 

Revendlcatlons pour les Etats contractants sulvants : DE , GB, FR, IT, NL, SE, LI, CH, BE, AT, LU 

1. Anticorps avec affinite pour Tantigfcne Campath-1 ayant au moins une region determinate de 
5 complementarity qui est etrangfcre par rapport a la region constante de Tanticorps, cette(ces) region(s) 

determinante(s) de complementarite etrang^re(s) etant choisie(s) parmi des regions determinates de 
complementarity qui sont pratiquement comme identify sur la figure 2, c'est-&-dire les residus decides 
amines 31 a 35, 50 k 65 et 95 & 102 de la chaTne lourde representee sur la figure 2a, et les residus 
decides amines 24 & 34, 50 & 56 et 89 & 97 de la chaTne tegfcre representee sur la figure 2b, 
w Tanticorps etant susceptible de se lier effectivement a Tantigfcne Campath-1. 

2. Anticorps selon la revendication 1 , ayant une chaTne lourde avec au moins une region determinante de 
complementarite choisie parmi des regions determinates de complementarite qui sont pratiquement 
comme identifie sur la figure 2a et une chaTne ieg&re avec au moins une region determinate de 

75 complementarite choisie parmi des regions determinates de complementarite qui sont pratiquement 
comme identifie sur la figure 2b. 

3. Anticorps selon la revendication 1, ayant une chaTne lourde avec trois regions determinates de 
complementarite qui sont pratiquement comme identifie sur la figure 2a ou une chaTne \6gbre avec trois 

20 regions determinates de complementarite qui sont pratiquement comme identifie sur la figure 2b. 

4. Anticorps avec une affinite pour Tantigfcne Campath-1 ayant des regions determinates de complemen- 
tarite de chaTnes lourde et legere qui sont etrangeres par rapport a la region constante de Tanticorps, 
ces regions determinates de complementarite etant pratiquement comme identifie sur la figure 2, 

25 c'est-^-dire les residus 31 a 35, 50 a 65 et 95 a 102 de la chaTne lourde representee sur la figure 2a, 
et les residus 24 a 34, 50 a 56 et 89 a 97 de la chaTne legere representee sur la figure 2b, Tanticorps 
etant susceptible de se lier effectivement h Tantigfcne Campath-1. 

5. Anticorps selon la revendication 4, qui a des domaines variables de chaTnes lourde et ieg£re comme 
30 identifie dans les lignes iterieures de Information de sequence sur la figure 2, c'est-a-dire les residus 

1 a 113 de la chaTne lourde et les residus 1 a 108 de la chaTne legere. 

6. Anticorps selon Tune des revendications 1 a 4, dans lequel les regions determinates de complementa- 
rite sont combinees avec des regions de cadre de domaines variables de chaTnes lourde et ieg£re qui 

35 sont d'origine humaine. 

7. Anticorps avec une affinite pour Tantig£ne Campath-1 ayant des regions determinates de complemen- 
tarite de chaTnes lourde et legere qui sont etrangeres par rapport a la region constante de Tanticorps, 
ces regions determinates de complementarite etant comme identifie sur la figure 2, c'este-dire les 

40 residus 31 a 35, 50 a 65 et 95 a 102 de la chaTne lourde representee sur la figure 2a et les residus 24 
a 34, 50 a 56 et 89 a 97 de la chaTne legere representee sur la figure 2b, ces regions determinates de 
complementarite etant combinees avec des regions de cadre de domaines variables de chaTnes lourde 
et legere qui sont d'origine humaine, Tanticorps etant susceptible de se lier effectivement & Tatigene 
Campath-1 . 

45 

8. Anticorps selon la revendication 7, qui a des domaines variables de chaTnes lourde et legere comme 
identifie dans les lignes superieures de Tinformation de sequence sur la figure 2, c'est-a-dire les 
residus 1 a 113 de la chaTne lourde et les residus 1 a 108 de la chaTne legere. 

so 9. Anticorps selon la revendication 8, mais qui a phenylalanine au residu 27 dans la chaTne lourde a la 
place de serine. 

10. Anticorps selon la revendication 8, mais qui a phenylalanine au residu 27 et threonine au residu 30 
dans la chaTne lourde & la place de serine. 

55 

11. Anticorps selon Tune des revendications precede tes, dans lequel les domaines constants de la chaTne 
lourde et le domaine constant de la chaTne legere sot choisis k partir d'anticorps de differents types 
d'especes. 
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12. Anticorps selon la revendication 11, dans lequel les types d'especes differents comprennent le rat et 
Thomme. 

13. Anticorps selon Tune des revendications 1 a 8, dans lequel les domaines constants des chaTnes lourde 
5 et legere sont d'origine humaine. 

14. Anticorps selon la revendication 13, dans lequel la region constante est d'une classe d'immunoglobuli- 
nes. 

w 15. Anticorps selon la revendication 14, dans lequel la region constante est de la classe lgG1. 

16. Anticorps avec une affinity pour I'antigfene Campath-1 ayant des domaines variables de chaTnes lourde 
et legere comme identifie dans les lignes superieures de I'information de sequence sur la figure 2, 
c'est-a-dire les r£sidus 1 a 113 de la chaTne lourde et les r£sidus 1 a 108 de la chaTne I6g£re, mais 

75 avec la serine au residu 27 dans la chaTne lourde remplacee par la phenylalanine, et ayant des 
domaines constants de chaTnes lourde et legere qui sont d'orignie humaine. 

17. Anticorps selon la revendication 16, mais qui a threonine au residu 30 dans la chaTne lourde a la place 
de serine. 

20 

18. Anticorps selon la revendication 16 ou la revendication 17, dans lequel la region constante est d'une 
classe IgG. 

19. Anticorps selon la revendication 18, dans lequel la region constante est de la classe lgG1. 

25 

20. Fragment d'un anticorps selon Tune des revendications precedentes, lequel fragment contient la 
possibility de liaison de I'anticorps. 

21. Composition pour administration a des malades, contenant un anticorps selon Tune des revendications 
30 1 a 19 ou un fragment selon la revendication 20 avec un diluant ou un porteur physiologiquement 

acceptable. 

22. Composition selon la revendication 21, dans lequel I'anticorps ou le fragment a une purete telle qu'il est 
au moins a 95% en poids dSpourvu d'autres materiaux biologiques. 

35 

23. Composition selon la revendication 21 ou la revendication 22, qui est adaptee pour une administration 
intraveineuse. 

24. Composition selon Tune des revendications 21 a 23, qui comprend en outre un autre anticorps 
40 therapeutique. 

25. Composition selon Tune des revendications 21 a 24, qui contient un dosage unitaire de 1 a 20 mg de 
I'anticorps ayant une affinite pour I'antigene Campath-1 ou d'un fragment de cet anticorps. 

45 26. Composition selon la revendication 25, dans laquelle le dosage unitaire est 5 mg. 

27. Anticorps selon Tune des revendications 1 a 19 ou un fragment selon la revendication 20 utilise dans 
une therapie. 

so 28. Utilisation d'un anticorps selon I'une des revendications 1 a 19 ou d'un fragment selon la revendication 
20 dans la preparation d'un medicament destine a etre utilise dans une therapie qui exige une 
reduction de la population des lymphocytes. 

29. Utilisation d'un anticorps selon Tune des revendications 1 a 19 ou d'un fragment selon la revendication 
55 20, dans la preparation d'un medicament destine a etre utilise dans le traitement du cancer. 

30. Utilisation d'un anticorps selon Tun des revendications 1 a 1 9 ou d'un fragment selon la revendication 
20 dans la preparation d'un medicament destine a etre utilise dans une immunosuppression. 
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31. Utilisation selon la revendication 29 ou la revendication 30, dans lequel le medicament est destine & 
etre utilise dans le traitement de malignites lymphoVdes. 

32. Utilisation selon la revendication 31 , dans laquelle la malignity lymphoTde est un lymphome. 

5 

33. Utilisation selon la revendication 32, dans laquelle le medicament se pr^sente sous la forme d'un 
dosage unitaire contenant 1 h 20 mg de I'anticorps ou du fragment de celui-ci. 

34. Utilisation selon la revendication 33, dans laquelle le medicament est sous une forme de dosage 
10 unitaire contenant 5 mg de I'anticorps ou du fragment de celui-ci. 

35. Utilisation selon la revendication 30, dans laquelle le medicament est destine h etre utilise dans le 
traitement d'une maladie auto-immune. 

15 36. Utilisation selon la revendication 30, dans laquelle le medicament est destine a etre utilise dans le 
traitement d'un receveur d'un transplant. 

37. Lignee de cellules qui expriment un anticorps ayant une affinite pour I'antigene Campath-1, ayant au 
moins une region determinante de compiementarite qui est etrangfcre par rapport & la region constante 

20 de Tanticorps, cette(ces) region(s) determinante^) de compiementarite etrangere(s) etant choisie(s) 
parmi des regions determinantes de compiementarite qui sont pratiquement comme identifie sur la 
figure 2, c'est-&-dire les residus d'acides amines 31 a 35, 50 a 65 et 95 a 102 de la chaTne lourde 
representee sur la figure 2a, et les residus d'acides amines 24 a 34, 50 a 56 et 89 a 97 de la chaTne 
ieg&re representee sur la figure 2b, Tanticorps etant susceptible de se lier efficacement & I'antigene 

25 Campath-1 . 

38. Lignee de cellules selon la revendication 37, dans laquelle Tanticorps est comme defini dans Tune des 
revendications 2 a 20. 

30 39. Lignee de cellules selon la revendication 37 ou la revendication 38, qui comprend une ou plusieurs 
sequences d'ADN representees sur la figure 2 comme correspondant a une ou plusieurs de ces 
regions determinantes de compiementarite. 

Revendications pour les Etats contractants suivants : ES, GR 

35 

1. Procede pour preparer un anticorps ayant une affinite pour I'antigene Campath-1, ayant au moins une 
region determinante de compiementarite qui est etrangfcre par rapport a la region constante de 
Tanticorps, cette (ces) region(s) determinante(s) de compiementarite etrangere(s) etant choisie(s) parmi 
des regions determinantes de compiementarite qui sont pratiquement comme identifie sur la figure 2, 

40 c'est-a-dire des residus d'acides amines 31 a 35, 50 a 65 et 95 a 102 de la chaTne lourde, comme 
represente sur la figure 2a, et les residus d'acides amines 24 a 34, 50 a 56 et 89 a 97 de la chaTne 
legere representee sur la figure 2b, Tanticorps etant susceptible de se lier efficacement a I'antigene 
Campath-1 , lequel procede consiste a cultiver des cellules susceptibles d'exprimer Tanticorps afin d'en 
effectuer Texpression. 

45 

2. Procede selon la revendication 1 , dans lequel Tanticorps a une chaTne lourde avec au moins une region 
determinante de compiementarite choisie parmi des regions determinantes de compiementarite qui 
sont pratiquement comme identifie sur la figure 2a et une chaTne legere avec au moms une region 
determinante de compiementarite choisie parmi des regions determinantes de compiementarite qui 

so sont pratiquement comme identifie sur la figure 2b. 

3. Procede selon la revendication 1, dans lequel Tanticorps a une chaTne lourde avec trois regions 
determinantes de compiementarite qui sont pratiquement comme identifie sur la figure 2a ou une 
chaTne ieg£re avec trois regions determinantes de compiementarite qui sont pratiquement comme 

55 identifie sur la figure 2b. 

4. Procede pour preparer un anticorps ayant une affinite pour Tantigene Campath-1, ayant des regions 
determinantes de compiementarite de chaTnes lourde et leg&re qui sont etrangeres par rapport a la 
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region constante de I'anticorps, ces regions determinantes de complementary etant pratiquement 
comme identify sur la figure 2, c'est-a-dire les residus 31 a 35, 50 a 65 et 95 a 102 de la chaTne 
lourde representee sur la figure 2a, et les residus 24 a 34, 50 a 56 et 89 a 97 de la chaTn legere 
representee sur la figure 2b, I'anticorps etant susceptible de se lier efficacement a I'antigene Campath- 
5 1, lequel procede consiste a cultiver des cellules susceptibles d'exprimer I'anticorps afin d'en effectuer 
I'expression. 

5. Procede selon la revendication 4, dans lequel I'anticorps a des domaines variables de chaTnes lourde et 
leg&re comme identify dans les llgnes infeVieures de I'information de sequence de la figure 2, c'est-a- 

70 dire les residus 1 a 113 de la chaTne lourde et les residus 1 a 108 de la chaTne legere. 

6. Procede selon Tune des revendications 1 a 4, dans lequel les regions determinantes de complementa- 
rity de I'anticorps sont combinees avec des regions de cadre de domaines variables de chaTnes lourde 
et l£g£re qui sont d'origine humaine. 

75 

7. Procede pour preparer un anticorps ayant une affinite pour I'antigene Campath-1, ayant des regions 
determinantes de complementarity de chaTnes lourde et ieg£re qui sont Strangles par rapport a la 
region constante de I'anticorps, ces regions determinantes de complementarite etant comme identifie 
sur la figure 2, c'est-a-dire les residus 31 a 35, 50 a 65 et 95 a 102 de la chaTne lourde representee 

20 sur la figure 2a et les residus 24 a 34, 50 a 56 et 89 a 97 de la chaTne legere representee sur la figure 
2b, ces regions determinantes de complementarite etant combinees avec des regions de cadre de 
domaines variables de chaTnes lourde et legfcre qui sont d'origine humaine, I'anticorps etant susceptible 
de se lier efficacement a I'antigene Campath-1, lequel procede consiste a cultiver des cellules 
susceptibles d'exprimer I'anticorps afin d'en effectuer I'expression. 

25 

8. Procede selon la revendication 7, dans lequel I'anticorps a des domaines variables de chaTnes lourde et 
ieg£re comme identifie dans les lignes superieures de I'information de sequence de la figure 2, c'est-a- 
dire les residus 1 a 113 de la chaTne lourde et les residus 1 a 108 de la chaTne legere. 

30 9. Procede selon la revendication 7, dans lequel I'anticorps est comme defini dans la revendication 8, 
mais a une phenylalanine au residu 27 dans la chaTne lourde a la place de serine. 

10. Procede selon la revendication 7, dans lequel I'anticorps est comme defini dans la revendication 8, 
mais a une phenylalanine au residu 27 et une threonine au residu 30 dans la chaTne lourde a la place 

35 de serine. 

11. Procede selon Tune des revendications precedentes, dans lequel les domaines constants de la chaTne 
lourde et le domaine constant de I'anticorps sont choisis a partir d'anticorps de differents types 
d'espfcces. 

40 

12. Procede selon la revendication 11, dans lequel ces differents types d'especes comprennent le rat et 
I'homme. 

13. Procede selon Tune des revendications 1 a 8, dans lequel les domaines constants des chaTnes lourde 
45 et legere de I'anticorps sont d'origine humaine. 

14. Procede selon la revendication 13, dans lequel la region constante de I'anticorps est d'une classe IgG. 

15. Procede selon la revendication 14, dans lequel la region constante de I'anticorps est de la classe lgG1. 

50 

16. Procede pour la preparation d'un anticorps ayant une affinite pour I'antigene Campath-1, ayant des 
domaines variables de chaTnes lourde et legere comme identifie dans les lignes superieures de 
I'information de sequence de la figure 2, c'est-a-dire les residus 1 a 113 de la chaTne lourde et les 
residus 1 a 108 de la chaTne legere, mais avec la serine au residu 27 dans la chaTne lourde remplacee 

55 par la phenylalanin et ayant des domaines constants de chaTnes lourde et legere qui sont d'origine 
humaine, lequel procede consiste a cultiver des cellules susceptibles d'exprimer I'anticorps afin d'en 
effectuer I'expression. 
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17. Procede selon la revendication 16, dans lequel I'anticorps est comme defini dans la revendication 16, 
mais a la threonine au r£sidu 30 dans la chaine lourde a la place de serine. 

18. Procede seion la revendication 16 ou la revendication 17, dans lequel la region constante de I'anticorps 
5 est d'une classe IgG. 

19. Procede selon la revendication 18, dans lequel la region constante de I'anticorps est de la classe lgG1. 

20. Procede selon I'une des revendications pr6c6dentes, dans lequel I'anticorps produit est traits pour 
w produire un fragment qui conserve la possibilite de liaison de I'anticorps. 

21. Procede pour preparer une composition destin£e a etre administr^e a des malades, contenant un 
anticorps comme defini dans I'une des revendications 1 a 19 ou un fragment comme defini dans la 
revendication 20, qui consiste a amener I'anticorps ou son fragment avec un diluant ou un porteur 

75 physiologiquement acceptable. 

22. Procede selon la revendication 21 , dans lequel I'anticorps ou son fragment a une purete telle qu'il est a 
au moins 95% en poids depourvu d'autres materiaux biologiques. 

20 23. Procede selon la revendication 21 ou la revendication 22, dans lequel la composition est adaptee pour 
une administration intraveineuse. 

24. Procede selon I'une des revendications 21 a 23, dans lequel la composition contient en outre un autre 
anticorps th^rapeutique. 

25 

25. Procede selon I'une des revendications 21 a 24, dans lequel la composition contient un dosage unitaire 
de 1 a 20 mg de I'anticorps ayant une affinity pour I'antig&ne Campath-1 ou de son fragment. 

26. Procede selon la revendication 25, dans lequel le dosage unitaire est 5 mg. 

30 

27. Lignee de cellules qui expriment un anticorps ayant une affinite pour I'antigene Campath-1, ayant au 
moins une region determinate de complementarity qui est etrangfcre par rapport a la region constante 
de I'anticorps, cette(ces) region(s) determinante(s) de complementarite etrangere(s) etant choisie(s) 
parmi des regions determinates de complementary qui sont pratiquement comme identifie sur la 

35 figure 2, c'est-a-dire les residus d'acides amines 31 a 35, 50 a 65 et 95 a 102 de la chatne lourde 
representee sur la figure 2a, et les residus d'acides amines 24 a 34, 50 a 56 et 89 a 97 de la chaTne 
l§g£re representee sur la figure 2b, I'anticorps etant susceptible de se lier efficacement a I'antigene 
Campath-1. 

40 28. Lignee de cellules selon la revendication 27, dans lequel I'anticorps est comme defini dans I'une des 
revendications 2 a 20. 

29. Lignee de cellules selon la revendication 27 ou la revendication 28, qui comprend une ou plusieurs 
sequences d'ADN represente sur la figure 2 comme correspondant a une ou plusieurs des regions 
45 determinates de complementarite. 
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C H 3 



DOMAINS 

INTER- DOMAIN SECTIONS 
DISULPHIDE BOND 
VARIABLE 
CONSTANT 

LIGHT CHAIN p * 4 

HEAVY CHAIN ttyj 
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Hindi I II . 

5 \ . + . .ftTCCAnRTccTcrcnfUCTRCftTGGTnnnTnrncGTTTGrcrnTftcc 

g ^ nm starts | > RNA starts 

RCRRACRGRArtRACRTGRCRTCACnGTTCTCTCTflCRGTTRCTGRGCACRCAGGRCCTCR +60 
s i gnal i Spl ice 

QlCUSC I I L F L U R T R "~T)X 
CCRTGGGRTGCRCCTGTATCRTCCTCTTCTTGGTRGCRACAGCTRCRGGTAAGCGGCTCR +120 

RTGRRGTTGTGGCTGRRCTGGRTTTTCCTTTTRRCRCTTTTRRRT 

CtlKLULNUI I FLLTLLfQ 

CRGTRGCRGGCTTGAGCTCTGGRCRTRTRTRTGGGTGRCRRTGRCRTCCRCTTTGCCTTT + 1 80 
Splice) • o1i ? osllUV,VII 

op cg 4/ signal j 5 to 

CO U H S j QVQLQESGPGLUR 
CTCTCCflCRGGTGTCCflCTCCCflGGTCCRRCTGC'RGGflGflGCCGTCCflGGTCTTGTCflGfl +240 
COTflTCCRGTGT CRGOTORRRCTGTTCGRRTCTGGRCORGOCTTGOTRCRG 
CO I Q O E UKLLESGGGLUO 
— — ' oligoXIII oligoX 

15 20 25 30^ COR 1 



PSOTLSLTCTUSGSTFSIDFV 



CCTRGCCRGRCCCTGRGCCTGflCCTGCRCCGTGTCTGGCflGCRCCTTCRGCGflTTTCTAC +300 
CCGGGGGGTTCTRTCRGRCTCTCCTGTGCRGGTTCTGGRTTCRCCTTCflCTGRTTTCTRC 
PGGSMRLSCRGSGFTFT |0 F V 1 

35 oli 9° ,X 40 45 50 52 a 

1 n N 1 UURQPPGRGLEU I G 1 F I R F| 
RTGflRCTGGGTGRGftCRGCCRCCTGGRCGRGGTCTTGRGTGGRTTCGRTTTRTTRGflGRC +360 
RTGRRC TGORTCCGCCRGCCTGCRGGGRRGGCRCCTGRGTGGCTGGGT TTTRTTRGRGRC 
In N I U I RQPRGKRPEULG | F I R ~o] 
~" oligo XI 

b c 53 55 COR 2 60 65 70 

|KRKGVTTEVriPSUKGl R U T M L 
RRRGCTflflRGGTTflCflCRftCRGRGTRCRRTCCflTCTGTGflRGGGGRGflGTCflCflATGCTG +420 
RRRGCTRRRGGTTRCRCRRCRGRGTRCRRTCCRTCTGTGRRGGGG CGGTTCRCCRTCTCC 
IKRKGVTTEVNPSU K o] R F T I S 

75 80 82 a b c 83 85 

UDTSKNQFSLRLSSUTRRDT 
GTflGflCRCCflGCRRGflACCflGTTCflGCCTGflGRCTCflGCflGCGTGflCAGCCGCCGACflCC +480 
AGRGATRRTACCCARAACATGCTCTRTCTTCRAflTGRRCflCCCTflflGRGCTGRGGRCACT 
RDNTQNrtLVLQUNTLRflEDT 

oligo XII 

90 95 CDR 3 100 a b 101 105 

fl U V V C R R lEGHTRR PFDV] U G Q 

GCGGTCTRTTRTTGTGCRAGflGflGGGCCRCRCTGCTGCtCCTTTTGflTTRCTCGGGTCRR +540 

GCCRCTTRCTRCTGTGCRRGR GRCGGCCRCRCTGCTGCTCCTTTTGRTTRC TGGGGCCRR 

R T V Y C fl R lEGHTR RPFDVl U G Q 

oligos V,VI, VII . - . . ~* 

110 113 Splice I 

GSLUTUSS^ BatnHI 

GGCRGCCTCGTCRCRGTCTCCTCRGGT T. .3' +600 

GGRGTCATGGTCRCAGTCTCCTCR 

GUnUTUSS 



Oligonucleotides: I: S'-GGC CAG TGG ATA GAC-3', Ml: 5'-CAG TTT CAT CTA 
GAA CTG GAT A-3', IV: 5'-GCA GTT GGG TCT AG A ACT GGA CAC C-3', 
V: 5-TCA CCT GAG TCG ACT GTG AC-3\ VI: 5'-TCA CCT GAG TCG ACT GTG 
AC-3\ VII: 5'-AGT TTC ACC TCG GAG TGG ACA CCT-3*, VIII: 5 -TC A CCT GAG 
GAG ACT GTG AC-3*; IX: S'-GGC TGG CGA ATC CAG TT-3\ X: 5 -CTG TCT CAC 
CCA GTT CAT GTA GAA ATC GCT GAA GGT GCT-3*, XI: 5'-CAT TGT CAC TCT 
CCC CTT CAC AGA TGG ATT GTA CTC TGT TGT GTA ACC TTT AGC TTT GTC 
TCT AAT AAA TCC A AT CCA CTC-3', XII: 5*-GCC TTG ACC CCA GTA ATC AAA 
AGG AGC AGC AGT GTG GCC CTC TCT TGC ACA AT A-3 XIII: 5*- AGA AAT 
CCG/C TCA AGG TGA AGC CAG ACA C-3*. 
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Hindi Ml 

5 ' 4- RTGCRRRTCCTCTGRRTCTRCRTGGTRRRTflTRCCTTTCTCTRTRCC 

m »RNR Starts ■ > RNR starts 

ACfiflRCRGnRRRflCRTGRGRTCRCRGTTCTCTCTflCftGTTRCTGRGCftCflCRCGRCCTCfl +60 

RTGR 

• , <E> 

signal # Sp I ice 

CnGUSCl ILFLURTR Q l 
CCRTGGGRTGGRGCTGTRTCflTCCTCTTCTTGGTRGCRRCRGCTRCRGGTRflGGGGCTCR + 120 
TGGCTGCRCTTCRRCTCTTRCGGGTRGCTGCTRGCTCTGGCTCCCRG 
QlRRLQLLG URRSSGS Q) 

CRGTRGCRGCCTTGflGGTCTGGRCRTRTRTRTGGGTGRCRRTGRCRTCCRCTTTGCCTTT +180 

$ P M Hsignai , 5 l0 

CG U H T ) D I QnTQSPSSLSR 
CTCTCCRCRCGTGTCCflCTCCGRCRTCCflGRTGRCCCRGRGCCCRRGCRGCCTGRGCGCC +240 
GCCRTGRGRTGTGRCflTCflRGflTGflCCCfiGTCTCCCTCRTTCCTGTCTGCR 
CR H R Q D I KMTQSPSFLSR 

oligo XIV 

15 20 25 30 CDR 1 

SUGDRUT I TC jKRSQN I D K V T~l 
RGCGTGGGTGRCRGRGTGRCCRTCRCCTGTflRRGCRRGTCRGRRTRTTGRCRRRTRCTTfl +300 
TCTCTCCGRORCRGRGTCRCTCTCRRCTCC RRRGCRROTCRCRRTRTTORCRRRTRCTTR 
SUGDRUTLNC | K R $ Q IS I D K V f] 

oligo XV 

35 40 45 50 COR 2 

QT)uVQQKPGKflPKLL I V | M T N TT| 
RRCTGGTRCCRCCRGRRGCCRGGTRRGCCTCCflRRGCTGCTGRTCTRCRRTRCfiRRCRRT +360 
RRCTGGTRTCRGCRRRRGCTTGGRGRRTCTCCCRRRCTCCTGRTRTRT RRTRCRRRCRRT 
[_NJ UVQQKLGESPKLL I Y [ N T N nH 

55 60 65 70 

I L Q T| GUPSRFSGSGSGTOFTF 
TTGCRRRCGGGTGTCCCRRGCRGflTTCRGCGGTRGCGGTRGCGGTRCCGRCTTCRCCTTC +420 
TTGCRRRCGGGCRTCCCRTCflRGGTTCRGTGGCRGTGGRTCTGGTRCTGRTTTCRCRCTC 
1 L Q T 1 G I PSRFSGSGSGTDFTL 

oligoXVI 

75 80 85 90 COR 3 

TISSLQPEDIRTVVC | L Q H I S | 
RCCRTCflGCRGCCTCCRGCCRGRGGRCRTCGCCRCCTRCTflCTCCTTGCRGCflTRTRRGT +480 
RCCRTCRGCRGCCTGCRGCCTGRRGRTGTTGCCRCRTRTTTCTOC TTGCRGCRTRTRRGT 
T I SSLQPEDURTYFC |L Q H I S \ 

95 100 105 108 

I R P R 71 FGQGTKUE I KR 

RGGCCGCGCRCGTTCGGCCRRGGGfiCCRRGGTGGRRRTCRRRCGTGRGTRCRRTTTRRRC +540 
ROGCCOCOCRCq TTTOORRCTGGORCCRRGCTGOflCCTGRflRCGG 
1 R P R T| FGTGTKLELKR 
BomHl 

TTTGCTTCCTCRGTTGGRTCC-3 * 



Oligonucleotides: II: 5'-TGC AGC ATC AGC C-3', XIV: 5*-CTG CTG GTA CCA 
GTT TAA GTA TTT GTC AAT ATT CTG ACT TGC TTT ACA GGT GAT GGT-3', 
XV: S'-GCT TGG CAC ACC CGT TTG CAA ATT GTT TGT ATT GTA CAT CAG ' 
CAG-3\ XVI: 5-CCC TTG GCC CAA CGT GCG CGG CCT ACT TAT ATG CTG CAA 
CCA GTA GTA GGT-3'. 

Fig. 2b 
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Sequence o-f the synthetic gene HUVLLYSO 



DIQMTQSPSSLSASVGDRV 
CT6CA GACATCCAGATGACCCAGAGCCCAAGCA6CCTGAGCGCCABCSTSGGTGACA6A6 
GACGT CTGTAGGTCTACTGGGTCTCGGGTTCGTCGGACTCGCGGTCGCACCCACTGTCTC 
10 20 30 40 50 60 



T I TCRASGNIHNYLAWYQQK 
TGACCATCACCTGTA6AGCCA6CGGTAACATCCACAACTACCTGGCTT66TACCAGCAGA 
ACTGGTAGTGGACATCTCGGTCGCCATTGTAGGTGTTGATGGACCGAACCATGGTCGTCT 
70 80 90 100 110 120 



PGKAPKLL I YYTTT. LADGVP 
AGCCAGGTAAGGCTCCAAAGCTGCTGATCTACTACACCACCACCCTGGCTGACGGT6TGC 
TCGGTCCATTCCGAGGTTTCGACGACTAGATGATGTGGTGGTGGGACCGACTGCCACACG 
130 140 150 160 170 180 



SRFSGSGSGTPFTFT I SSLQ 
CAAGCAGATTCAGCGGTAGCGGTAGCGGTACCGACTTCACCTTCACCATCAGCAGCCTCC 
GTTCGTCTAAGTCGCCATCGCCATCGCCATGGCTGAAGTGGAAGTGGTAGTCGTCGGAGG 
190 200 210 220 230 240 



P E D I ATY YCQHFWSTPRTFG 
AGCCAGAGGACATCGCCACCTACTACTGCCAGCACTTCT6GAGCACCCCAAGGACGTTCG 
TCGGTCTCCTGTAGCGGTGGATGATGACGGTCGTGAAGACCTCGTGGGGTTCCTGCAAGC 
250 260 270 280 290 300 



QGTKVEIKR 
GCCAAGGGACCAA6GTGGAAATCAAACGTGAGTAGAATTTAAACTTTGCTTCCTCAGTTG 
CGGTTCCCTGGTTCCACCTTTAGTTTGCACTCATCTTAAATTTGAAACGAAGGAGTCAAC 
310 320 330 340 350 360 

GATCCTAGAATTC 
CTAGGATCTTAAG 
370 

Fig. 3 
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MGWSCIILF 
CTCTA(^GTTACTGAQCAC^CAGGACCTCACCATGGGATGGA 



L V A T A T 

TGGTAGCAACAGCTACAGGTAAGGQGCTCACAGTAGC^^ 

1 

G V H S D I Q 

ATGGGTGACAATGACATCCACTTTGCCTTTCTC 



5 10 15 20 

MTQSPSSLSASVGDRVTITC 
ATGACCCAGAGGCCAAGCAGCCTGAGCGC^^ 

******************************* 

25 30 35 40 

RASGN I HNYLAWYQQKPGKA 
AGAGCCAGCGGTMCATCCACAACTACCTGGCTT^ 

******************* 

45 50 55 60 

P KLLIYYTTTLADGVP SRFS 
CCAAAGCTGCTGATCTACTACAO^^ 



65 70 75 80 

GSGSGTDFTFTISSLQPEDI 
GGTAGCGGTAGCGGTACCGACTTCACCT^ 

********************** 

85 90 95 100 

ATYYCQHFWSTPRTFGQGTK 
GCC^CCTACTACTGCCAGCACTTCTGGAGC^ 

105 108 
V 2 I K R 
GTGGAAATCAAAGGTGAGTAGAATTTAAAC 



Fig A 



35 



EP 0 328 404 B1 




36 



EP 0 328 404 B1 




EP 0 328 404 B1 



% lysis 




.01 .1 1 10 100 1000 

antibody concentration, ^g/ml 



a.) 



% lysis 




.0001 .001 .01 .1 1 to 100 

antibody concentration, jig/ml 
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